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INTRODUCTION

The 2013 Senior Review evaluated 13 NASA satellite missions in extended operations: ACRIMSAT, Aqua
Aura, @QLIPSCCloudSat, E@, GRACBHasonrl, OSTM, QuikSCAAORCH erra, and TRMMThe Senior

Review was tasked with reviewing proposals submitted by each mission team for extended operations
and funding for FY1BY15, and FY#6Y17.The review considered the scientific value, natianédrest,
technical performance, and proposed cost of extending each mission in relation to NASA Earth Science
strategic plans.The Science Panel evaluated science in terms of merit, relevance, and product maturity.
Subpanels were convened to providedepth evaluations of the national interest, technical
performance, and costs of extending each missio
categorized as: Baseline, Reduce, or Gtagespecific recommendations and justifications were

provided forcases of augmentation or reduction.

REVIEW PROCESS

The 2013 Senior Review process (Figure 1) began on December 14, 2012 when the Earth Science
Directorate released a call letter inviting NASA missions in extended operation to submit proposals for
continuation, due March 1, 2013. The Senior Review Science Panel first convened on March 7 via
teleconference to discuss procedures and review assignments. Three reviewers were initially assigned
to review each proposal. Over the next month, two teleconfererneese held to review status and

address any issues. In parallgth this processsubpanels on National InteresfTechnical, and Cost

were convened and met to review proposals in these areas. These processes led iegrpédinary

meeting teleconferene on April 12 in which each mission was discussed, and fafogquestions were
identified for each mission. These questions were sent to each mission team on April 15, along with
instructions that each mission team should prepare a presentation addetisise questions for the

Senior Review Panel Meeting to be held on ApriMgl 2 in Washington DC. Each mission was allotted
atime slot 0of45-90 minutes (depending on mission scope and the number of questions) for a
presentationfocusedspecificallyorpanel i st’' s questions. Foll owing
the panel developed and documented a collective evaluation of each mission.
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GENERAL FINDINGS

The Panel wasnanimously impressed that all I8issions have made unique and important
contributions to NASA research objectivé&ollectively, thesenissionsconstitute anunprecedented

Earth observation capability that h&snsformed our scientific understanding of the Earth system, and
provide dda for applications of exemely high societal relevanc&hePanelwasalsoimpressed that
these missions all continue to operate beyond their designed listinfact that isa testament tohigh
quality engineering, management, and mission executidowever, thePanel als@xpressectoncern

that these missions are aging, andted thatthe risk of loss of critical Earth observation capabilities is
increasing.

All missions received very high marks for Scientific Merit, Scientific Relevance, andiSEimtuct
Maturity (Table 1).Scientific Merit scores rangdtbm 4.05.0, with 10/13missions receiving the
highest score.ScientificRelevance scores ranged from-%.9, with 11/13missions receivinthe
highest score.Scientific Product Maturitgcores had more variability andanged from 2.85.0, with
4/12 missions receiving the highest scolissions received atility score thatranged from*“Somé (2
missions); High (8 missions)or “Very High (3 missions) TechnicaRsk was distributeanore broadly
from “Low’ (1 mission)“Medium-Low’ (2 missions);Medium’ (2 missions)“Medium-High' (4
missions), andHigh' (4 missions).Thegeneral increase in riskas first noted in the 201%enior
Review It hasnot changed in this Senior Revigand isbroadlyconsistent with an aging fleeiThere
was no CostiBk assessment performed in the 2013 Senior Review.

Based on these factorshe panelfound that the continuation ofall 13 missionswould make critical
contributions to enabling NASA to continue to meet its science objectMesaissionsvere proposed
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for Baseline supporin FY1415; ard elevenmissionswere selected forBaselinesupport for FY1617,
pendingreassessment by the negenior Review One mission (Jasel) wasrecommended to be re
evaluated by the next Senior Review based on whether it continuedaeige necessary and essential
contributions to the science community after the launch of Ja3am 2015.EQ1 was recomnended for
Terminate and Closeut in the out years based on the assmentthat the mission would not provide
useful measurements beyond FYd&e to its degrading orhitMission specific findings are summarized
in Table Ibelow.

Science Scores Summary Conclusion
Mission Merit | Relevance n:::i::y S;::_Ze Utility Score Technical Risk FY14-15 FY16-17
ACRIMSAT 4.0 4.2 2.8 3.7 Some Medium-Low Continue Continue
Aqua 5.0 5.0 4.7 49 Very High Medium Continue Continue
Aura 5.0 5.0 4.9 5.0 High Medium-High | Continue Continue
CALIPSO 5.0 5.0 4.9 5.0 High Medium Continue Continue
CloudSat 5.0 5.0 4.9 5.0 High Medium-High Continue Continue
FO-1 4.0 43 3.0 38 Some Medium-High | Continue Tgr::;“:z&
GRACE 5.0 5.0 4.0 4.7 High High Continue Continue
Jason-1 5.0 5.0 5.0 5.0 High Medium-High | Continue CDR:E’L’I:';&
OSTM 5.0 5.0 5.0 5.0 High Low Continue Continue
QuikSCAT 5.0 5.0 5.0 5.0 High High Continue Continue
SORCE 4.9 5.0 3.2 4.4 High High Continue Continue
Terra 5.0 5.0 4.8 49 Very High Medium-Low Continue Continue
TRMM 5.0 5.0 5.0 5.0 Very High High Continue Continue

Table 1: Summary omissionspecific findings. All science scores are on-& &cale with 1 being the lowest
NFyYyT1AYy3 2F GLR22NE FyR p 06 SA y*AdditiokadcormentétySoa donditidns/oh the 3
LI yStQa aoO2NBa | yRk 2N ObyfiadingssuntngritbelolNS y2 i SR Ay (GKS

ThePanelhas several more specific recommendations to NASA Headquarters regarding the missions

(1) The Panetecommends that there be better interaction and collaboration between and among
missions, especially those whesgnergies are obvious. Examples include the collaborations
between TRMM and Cloud6 Cloud&t and CALIPSO, and ACRIMSAT and SORCE/TIM to the
benefit of the community. Within the mission teams, the most obvious collaborations are for
crosscalibration ofinstruments. However, another option might be for focused competitive
calls in ROSES for focused, mmiigsion, interdisciplinary projects. In addition, missions should
be encouraged to hold joint mission team meetings where potential collaboratiaonbe&a
discussed.

(2) The panel wasoncerred by the number of FTEs requiredsupport the CERES instrument,
including quality control and data producti@am Aquaand Terra. The panel notes that theefra
project scientist, Dr. K. Thome, provided considerablet ai | i n response t
concerning the number FTEs required to support the instrument. However, the Panel
remains unclear as to why CERES requires such a large amount of supmoared with other
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instrumentsandrecommends that NASArducts a detailed review of the budget and
personnel required to support the CERES instrument on both go&a And Terrglatforms;

(3) The Rnel notes that in the case of several missions, there was concern from the community as
to whether uncertainty and eor characterization of the core and/or ROSES products was either
being properly accomplished or welbcumented and easily found. The panel suggests that a
central oversight from NASA for this process would help mitigate these concerns;

(4) The Rnel is venconcerned that outreach and education to new/current users and al$2 K
educational components remain a mission responsibility within NASA. The Panel is deeply
concerned that removing this activityoin the individual missions will result in, at best,
ineffective communication and, at wor st a | ¢
youngc hi | dren into STEM disciplines. Moreover
mitigate and adapt to longerm climate change, which requires a willirgs to act on behalf of
the general population. This willingness depends on some understanding of the science and
confidence in the scientists, emphasizing the importance of public outreach and education.
Clearly, if this does not take place within NABAust take place elsewhere. However, we
firmly believe that the best and most effective communication and outreach occurs from within
the missions in particular, and NASA in general.

MISSION SPECIFIC FINDISIGMARY

ACRIMSAT

The Active CavitiRadiometer Irradiance Monitor 3 (ACRIM3periment on the ACRIM satellite

(ACRIMSAT) beganin200paa rt of t he Earth Observation Syste
missions.It is a key NASA component of the international efforcompile a accurae andprecise

total solar irradiance (TSI) database on climate timesca#&RIM3 is capable of sustaining they@ér

satellite TSI database across a potential gap resulting from the launch failure of the Glory/TIM

experiment with no loss of traceabilibor measurement cadenceSustained variations in TSI of 0.1 to

0.2 percent on multdecadal to centennial time scales are believethawe been the primary forcing of

past climate changesThus, grecise record of TSI variability on these time scalessential for

assessinghe relative significance of solar variability and other natural and anthropogenic forcings of
climate change.

The primary purpose fan extended ACRIM3 missimto ensure that there is no deterioration of the
34-year satellite TSI databaseross a potential gap caused by the loss of the GLOR¥KpdMiment.

The ACRIMSAT satellite and the ACRIM3 instrument are 100% operational and capable of continued
operation with full science performance throughleast ¥14-15.In fact, the technical risk rating is
mediumlow for the extended missionSatellite health and performance trends indicate that
ACRIMSAT/ACRIM3 observations are likely to be avaitablgoport the launch and calibration phase of
the next TSI maitoring experiment, JPSS1/TSIS, in 2Qhthe event of a SORCE failure, ACRIM3
measurements are of the quality required to continue the TSI record and should be maintained as long
as possible.

The panel notes that the ACRIMSAT is very small and sgmparinimal number of FTEs to maintain
satellite health, satellite data analysis, and outreach efforts. Given the value of these data for the
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climate science community, and the recent success of the laboratorydntaparisons of ground
sensorsthatredut ed agr eement among the multiple TSI d
science team” perhaps comprised of experts wit
can provide a focal point for oversight, science investigation, alabmyation.

a
hli

Aqua

The Ajuamission is now 5 years into its extended mission of produgiwide array of measurements in
support of addressing NASA' s Earth Science missji
records necessary to evaluate climate change and from the perspective of products needed to better
understand fundamentaEarth science processe¥he Aqua mission hdeen extremely successful and
produces a large number of critical produttist arevery widely used by scientists, government

agencies and operational group$he impressive list of core science productgeiy mature and stable.

The government agencies all gave Aqua the highest ranking of all missions, and sciextitbfics a@if

Aqua data now exceed000, leaving no doubt that this mission should continue to be fundauke
instrument—the AMSRE-suffered a major anomaly since the 2011 Senior Review and now operates in
a reduced modehat provides data for crossalibrationwith other AMSR instrumentsHowever, all

other instruments are still operating nominally and the spacecraft is in excellefthtead has enough

fuel to operate through 2022.The reasons foextending the Aqua mission include: t@)allow current
scientific and applied benefits to continue; (@)increase the value of the Aqua data to climate studies
through increasing the tegth of the Aqua data sets; (8) allow continued data overlap with NPP and
GCOMW1, and potential future data overlap with O@0since all of these missionarry instruments
intended to extend many of the Aqua data records; andd4ontinue to provide valuable auxiliary

data for other ATrain satellite missionsOf the several instruments on Aqua, MODIS and AIRS are
making extremely unique and popular measurements for science and operational applications. The
continuity of these dad products is highly desirable for the scientific community and the broader user
community. As long as one of these two instruments is in daadth (currently both are), the panel

feels that the Aqua mission should be extendgdaseline

Aura

A u r @imary scientific missions are stratospheric chemistry and dynamics related to ozone depletion,
tropospheric chemistry, and climate change issues. These missions are central to core NASA research
objectives The scientific output from Aura is substanhtiwith over 1100 journal publications and over

450 publications since the 2011 Senior Review. There is a large and active scientific community utilizing
the Aura data. With regards to developing and utilizing data products related to tropospheric tiyemis

and climate, Aura has continued to make important strides since the 2011 Senior Ré&hiewatellite

is in excellent healthThe Aura MLS, OMI and TES instruments are showing signs of aging, but are still
producing science data of excellent qualapd there is an excellent chance of extending measurements
beyond the current proposal cycle. The data are highly utilized in the research and operational
communities.

The reasons for extending the Aura mission include: (1) to allow current scientifiapplied benefits

to continue; (2) to increase the value of the Aura data for climate studies through increasing the length
of the Aura data sets; (3) to allow continued collection of data that are unique since the thss of
European Envisat satellitand (4) to continue to generatynergistic products by combining different
Aura and measurements froother ATrain satellite missions.




CALIPSO

CALI PSO’ s prmissiaidygr ecuecentundfdert ai nt-dimessionan t he Ear
distribution andproperties of aerosol and clougdahich are key components in understanding and
guantifying climate changeThe scientific output fron€CALIPSO has increased substantially from the
2011 Senior Review with over 800 publications compared to 330 in ZDALIPSO provides a unique set
of data productdor the researclcommunitythat isnot currently available from any other platform. In
addition, synergistic use of CALIPSO, CloudSat, M&@TWISERES observations has led to the
development of robust combined aerosol, cloud, and radiative heating rate prodGotginuation of

the mission will allow extension of the data record of these products as well as enable critical overlap
with soonto-be launched cloud/aerosol (e.g., EarthCARE) and stratosphere (e.g., SAGE lll) missions.

Data products are mature, well validated, and widely used by the scientific community and the science
team has been responsive to the recommendations of the 201 &lpaaving: resolved discrepancies
between CALIPSO and MODIS cloud optical depth; produced a global gridded aerosol vertical profile
product; and begun production of a near real time L1.5 attenuated lidar backscatter prothet.
technical review panel rated a mission extension as Medium Risk for-gamroextensionbecausehe
spacecrafand all subsystems and instruments continue to function weth an increased risk for a
four-year extension.The rational interest pankrated CALIPS@s high utility, and loss of the products
would have a measurable negative impactranynational agencies and organizatiofifie reasons for
extending theCALIPS@ission include: (1) toharacterize processes thebntrol seasonal and fer-

annual variability on global scales by increasing the length of the CALIPSO daf3 tetsetter

guantify relationships between aerosols and clouds and clmadlation-climate feedbacks(3)to
maintainexisting synergies with other-Frain instrunents, and (4o establish links witlthe next
generation of spaceborne lidar missions (eEgarthCARE), develop synergies with the new SAGE I
instrument, and take advantage of joint retrievals with the new Orbiting Carbon Observatory-pOCO)
mission,which will fly at the front of the A'rain starting in 2014ThePanel conclusion that the

project should be continuedt Baseline

QoudSat

CloudSat carries a single instrumeatwband (94 GHz or 3 mm) cloud profiling radar (CPR) that is
sensitiveto both cloud and precipitatiossize particles. It provides the science communiith the first

global survey of the verticglrecipitationstructure of clouds.Thevertical dimension of cloud is

particularly novel information, considering that decades of satellite observations in the past since 1960s
have only looked at cloudsorizontally This novel observation from CloudSat has spurred a range of

new research irlading critical evaluation of global model representation of clouds and new insights into
cloud and precipitation processes. CloudSat is also a member ofThai\constellation. Synergistic

use of CloudSat and otherain measurements (e.g., CALIPEBODIS, AMSE) have enabled new
science in the area of aerosdbud-precipitation interactions.

Continuing the CloudSat mission carries a number of benefits: 1) allowing for new science in the context
of weather and climate variability and also enablimyv products, 2) uninterrupted applications to

aviation and weather forecasting, 3) improved understanding of seasonal aneaimtesal variations in

cloud behavior, 4) enhanced data for evaluating model behavior, and 5) providing cafitfatfuture
missions such d@sarthCARER2016) and GPM (2014). There is also strong synergy with the futureOCO
mission as the oxygeni#and from OC& provides complementary information on clouds.




Since the 2011 Senior review, CloudSat has begun operating in e aylight@nlyOp e r armode n ”

that relies on the solar panel to power the satellitR. consequen©@ " omodlenlys s“ DO 3
the sunilit portion (~ 56%) of the whole orbit has dat&hus the satellite can no longer observe clouds

in the polar nifpt. Howeverthe Senior Review Panel concludes tthet overall CloudSat data quality is

not compromisedy this reduced operatioand the mission objective can still be met, namely,

surveying the vertical structure of cloudd$n summary, the panel recamends that CloudSat mission be
continued as currently baselined.

EG1

The 124year old EGL mission continues to make numerous valuable contributions to the Earth Science
community. It serves as a model fahanced technology capabilities, including spacecraft agility, on
board intelligent processing, reliable support technologies, and unique passive optical imagery. The
mission also delivers and tests new technologies and strategies for satellite acquaigiorithms for
terrestrial environmental monitoring, calibration and validation, data synergy, and continuing
technology advancements for data volume throughput, autonomous operations, aidanal
processing.The two instruments onboard EQ) the Advaced Land Imager (ALI) and Hyperion, are high
spatial resolution sensors capable of imaging any spot on earth up to 5 times every 16 days (plus 5
nighttime images over the same period).

TheE@GL mi ssion is central t o tNa&d%Ace Eartlssystemnscenceé ¢ Ear
related to climate and environmental change, and to characterize, understand, and predict how the

earth is changing, with consequences for life on Earth. Though originally designed as a technology
demonstration project (Alib inform Landsat 8 and Hyperion as the first grafiraged, hyperspectral,

civilian sensor in orbit), the mission continues to serve that purpose but has also made significant
progress as a contributor to science and applied science investigationslaswational and

international disaster monitoring effortsDespite the small team size (<10 part time) in the Mission

Science Officand Missions Operationthe EQ1 mission supports an impressive array of activities.

Over the past 2 years, significgarogress has been madm improving communication to the broader
community of how data should be tasked and acquired, and improving the Level 2 products, as well as
on other fronts. These improvemerttave strengthened the relevance of BO t 0 N énSefgbass. s C i
In particular, the EQ Mission Science Office (MSO), in partnership with the USGS EROS has made data
processing improvements and continues to advocate for sciguedity products. The panel also notes
significant improvements to data taskiagd acquisition and the mission is highly commended for these
changes. ThEO1 website provides mission information, a reference list, user support tools, and links

to data. In @dition, through its wekbased task management system (GeoBPMS), the usenaooity

can submit task requests, which could likely serve as a model for future sampling missions.

The panel recommends continuing the mission for the next two years as baselined at the very low
requested support level and then closest in FY16L7. Bythis timethe EQL1 Mean Local Time (MLT)
will havedegradel to the point wheremanyproducts will lose their usefulnes3he science

team has set a decommissioning date of Septemb&r28L5 and the Senior Revidanelconcurs with
this plan
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GRACE

GRACRhe Gravity Recovery and Climate Experiment) mission has delivered unique, global datasets on
the global gravity field and the larggeale temporal changes in mass distribution within the Earth

system since it was commiseid in 2002. The GRACE datedyarovided novel insights on critical
planetary processes such as ice sheet mass balance, the flux atateftinto the global oceans, mass
exchanges within the oceans and seasonal and-ateual variability in groundwater storage at the
regional sca, which has been used to detect and map major water use patterns. GRACE \a¢=hadma

used in operational settingacluding tre radio occultation data that arassimilated into atmospheric
models Furthermorethe GRACE accelerometer provides some of the inestudata on satellite drag

and atmospheric neutral density at high altitudes. The mission has provided critical contributions to the
development of a global gravity field complementing terrestrial gya@ HAMP and GOCIhe health

of the mission continues to be an issue as there are few components left with any redundancy.

GRACE is presently producing data of extremely high value to the scientific community, and the panel
has little doubt that themission should be extendeas long as both satellites continue to operate
nominally However this situation could well change before the next Senior Review, even without a
compl et e “ c at .alsthereeeptbfifadute offorseioflthe GRACE IBts, NASA should be
prepared to review theutility of data collected by only one satellissd make appropriate adjustments

as such data would most likely be of very limited value

Jasonl

For the past eleven years, the radar altimeter Jasdvas &tended the record of global sea surface

height (SSH) observations. It has bridged the gap between TOPEX/Poseidon and imf@licsan

Surface Topography Mission (OSTM), and it has sharpened our image of the oceans by providing high
resolution data dung its mission. Due to several safe holds early in 2012 and the potential risk of a
collision with OSTM or its successor Ja3dto be launched 2015), Jas@rwas successfully moved to a
lower geodetic orbit. The new geodetic orbit extends the repeatquefrom 9.9 days to 406 days and
leads to significantly greater observation density at the cost of temporal resolution. As a consequence,
Jasorl’ s contri butions to extend the sea |l evel <chang
switched to provithg SSH observations along a new track pattern. Despite the change;lJason
continues to provide very valuable observations for mesoscale oceanography, which regBires 2
operational altimeters. The SSH product from the geodetic mission shows only mgraddgon in sea
surface anomaly variance and is still assimilated into operational models by several agencies.

In addition to making fundamental progress in the science of oceanography and climate changd, Jason
products benefit society in ship navigati and safety, offshore operationand fisheries management

In its geodetic orbit, Jaseh continues to provide important data for these applications and paving the
way for the next generation of high resolution altimetry, beginning with the SWOT missi920.

The reasons for extending the Jasbmission include: (1) providimgvolutionary improvements to
estimates of the marine geoid and ocean bottom topography; (2) improving the oceanographic utility of
SSH data from other nemepeat missions and future higiesolution altimeters such as the SWOT, and
allow retrospective impovement of SSH data from other noepeat missions; (3) continue to observe
large-scale oceanographic signals and globally averaged sea level rise; and (4) help resolve mesoscale
oceanographic features by combining with OSTM and (later) Ja$2015).

A further consideration is the need for cresalibration with the future Jasefl mission (2015)In its
current geodetic orbitJasonl candetect and correct large errors in searface heights from Jasehin

10




the absence of OSTM. In the event of aanfitipated failure of OSTM, Jasbimay add value to
overallcalibration and validation activities alASA should plan to review the potential value Jakon
might have for these activities in the event of such a failure.

Assuming no failure of OSTMetpanel recommendghat the project should be continued at Baseline
for FY 1415, and then pending review by the 2015 Senior Review Peetaimmend terminate and
closeoutin F¥16-17.

OSTM

OSTM is the"8in a series of satellitborne altimetersto occupy the 1@ay repeat (TOPEX/Poseidon,

T/ P) “reference” owankirctlation and itsleféectsnoa dirmaterthisronpit, OSTM
serves as THE reference satellite for the other altimeters in orbit at the same time (these are now
Cryosat2 and Altika), improving the accuracy of their products by comparing heights during orbit

“ cr o s s bhis series has been highly succedsfaieeting all of its goalandproviding a high

guality time series of global sea surface topography for thet A9 yearsBarring an unexpected failure

of OSTM, its continuation will extend this important time series for climate change until, at a minimum,
the launch of the next altimeter Jaséhin the series After its replacement by JaseB) it will move to

an interleaved orbit to contribute to an even higher spatial resolution of the SSH fields.

OSTM altimeter observations are also playing a key role in the analysis of other upper ocean processes
in physical oceanography and the science panpbortscontinuation. In addition, the overall rating

for OSTM by the National Interests Panel was Very High, the Technical Review of OSTM ranked the
overall risk as LowThe Panetonclusioris forBaseline supporof the OSTM mission

QuIKSCAT

QuikSCAaddresses several NASA science objectives primarily related to ocean Wiredpropsed
extended mission is to use QuikSCAT in its-gpinning mode to provide consistent calibration for the
Indian Spae Research Organisation (ISR@pand atterometer(OSCA)Twhose calibration loop is
defective. It is clear that continuous calibration of tli@SCASatterometer is necessary because of
instabilities in the OSCAT radar tlnats ledto unpredictablestep jumps in the sigma0 measurements
The extendednissionwill also continue to use and improve adapted QuikSCAT algorithms to produce
climate quality OSCAStean vector winds and ice products that continue the high quality QuikSCAT time
series. This approach is viewed as the optimal way to continusdieace and climatequality data
record, since the ISRO mission is directed at near real time operational applications. Without
appropriate calibration and data processing, these data will not be useful for climate and cryosphere
research. ISRO and 8lAhave demonstrated successful collaboration to achieve these goals.
QUuIkSCAT has been extremely stable in its calibration, and the radar instrumentation shows no
indication of either calibration drift or deterioration, making this instrument ideal fdibcation of

these Kuband scatterometers.

In a change from the last review, this proposal will alsoaisombination of QUikSCAT &hd new

NASA ISRapidSCAT sensor thaill be launched in 201#b extend the science and application of ocean
vectorwinds This will be achieved lexploiting a calibrated Rapidsdaising QuikSCA&hd its norsun
synchronous orbit to assess diurnal and semidiurnal wind variation in the tropics, and by adapting
QUuikSCAT operational neggal time processing to the dekry of Rapidscat OVW data to forecast
agencies. It will also use Rapidscat to demonstrate a new method of scatterometer wind vector inter
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calibration for several additional sensors, most specifically the EUMEHs&O BSCAT

scatterometers. This effors intended to address a standing scientific and technical issue of reconciling
small but climaterelevant differences between winds derived using@d Kuband satellitesensors.

The Senior Review Parsgreesthat this objective has significant meahd that he science and
implementation plans to accomplish these objectives are ambitious yet feasible

In late January, the spin mechanism resumed operations, and 7 days of nominal wind vectors were
retrieved and processedAfter some experimentation it was determined th&iccessful spin operations
couldbe accomplishedyy heating the jammed bearings to 50 °F beforertitay the spin mechanism.

Under these conditions, it appears that 2 weeks of heating might provi2ldd/s of spin operation.
However, systems cannot be turned on at the same time as the survival he@tars, the decision has

to be made whether to operate QuUikSCAT in its original mode, which will allow nominal collection 10%
of the time OR continue indtnew calibration mode that allows 100% calibration of the OSCAT
measurements. The value of each mode cannoglentitativelyassessea@nd so the mission teatmas

been decided to resume calibration operatiomsclusively The SenioReviewPanel endorss this
decisionand recommends that QuikSCAT continue in its calibration rabtle baseline budget.

SORCE
SORCE/TIM provides total and spectral solar irradiance measurements witofstageart accuracy.
The scientific focus is on solar physicsaridle i nt eracti on and influence |of

physical state.The simultaneity of spectral and total irradiance measurements allows study of a broad
range of science question3he SORCE Mission has provided a decade of solar irradiamceations

(TSI and SSI) with high precision and stability and these results have been and will be used by the Earth
Science and Solar Irradiance communities. The results from this mission will be important to the
development of future climate models thatclude both TSI and SSI as well as studies of the sources and
properties of solar variability.

Recent efforts looking at the discrepancies among different TSI instruments have resolved the
discrepancies bringing other TSI records in line with SORCHEGil#h the value of these data for the
climate science community, and the recent success of the-taeparison of the multiple TSI data
records to bring them in Iline, the panel recomme
experts within theTSI and close climate community be formed that can provide a focal point for
oversight, science investigation, and collaboration. Furthermdisgrepancieslsoexist between the
SSI measurements of SORCE and results froem obiservational and modelystudies. In order to
ensure the quality of SORCE i@Slilts, the panel recommends an independent review of the SSI
methods and results.

The spacecraft has battery issuesidthe mission team acknowledged that the additional staffing

provided in thelast Senior Review panel was very helph mitigating these issues. However, it must be
recognized that the SORCE mission is rated as High Risk for technical failure within the mission extension
despite the excellengfforts being made by the missionam tomitigate problems angbrolong battery
performance It is quite possible that SORCE wiill fail to overlap with the future TSI missions planned for
late 2013 and 2016. In spite of this risk, the contribution of the measurements toistarical data

base of solar fluis invaluableand these measurements should be continued until spacecraft failure in

order tohelp prevent data gaps in this climatzitical data product. Thus, the Senior Review Panel
recommends continuation of this mission at theskéine budget.
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Terra

Terrais a huge success, and continuation of tBeygar record fromits five instruments: ASTER, CERES,
MISR, MODIS, MOPIProviding 79 core productss critical to a wide array darth system science
guestions Extending the record will enhance our understanding of {targn atmospheric, terrestrial,

and ocean phenomendt is a workhorse for regionéb-global scale monitoringTerradata are used in
almost every area of earth science, and the science/pubtinatcord is outstanding. The demand for
Terra datds obvious witmearly 155\ files deliveredand more than 1,100 peeeviewed publications

in 2012 alone bringing the total for the lifetime of the mission to over 7,600

The overall objectives of the Terra mission include 1) extending the baseline for morhihglimate

and environmental data records, 2) enabling comparison of measurements acquired so far with likely
future recurrences of natural events, e.g., firesicamic eruptions, floods, oil spills, changes in ice

sheets, and 3) adding value to recently launched missions (e.g., SNPP, LDCM) or those to be launched in
the next few years. Each of the five instruments has made valuable contributions to the stuthof E

as a system, to discovery of how the Earth is changing, and to exploration of human interactions with
these changes.

For the extended mission, the objectives ABTER are to extend the record of moderate ‘&golution
changes in land cover, proei@mergency data acquisitions for natural and rmaade disasters, and

extend the archives for observations of active volcanoes and valley glaCERES are to produce an
integrated climate data record f ornbddgdt,énpriovieng de
understanding of clou@erosolradiation interactions, and (with MODIS) bridge the interval between

older satellites and SNPP and JPSS; MISR are to update the Plume Height Climatology Product to include
extended dust, volcanic, and wildfismoke plumes and to facilitate the use of the MISR cloud motion
vector (CMV); MODIS are to extend theyEar archive of ocean productivity and sea surface
temperature, extend the 1-§ear archive for land productivity and other land characteristicd) sic

albedo, leaf area index, land surface temperature, and seasonal variation of vegetation, and extend the
archive of tropospheric properties, including cloud and aerosol properties, cloud fraction and
atmospheric profiles of temperature and moisture;daMOPITT are to extend the 4@ar record of
tropospheric CO, show paths of transport for atmospheric pollution, and provide a proxy to aid in
constraining the retrieval of tropospheric €O

The continuity of these data products is highly desirable for the scientific community and the broader
user community.As such, the Senior Reviearfelrecommends thathe Terramission should be
continued at baseline.

TRMM

The Tropical Rainfall Measurem¢ i s an essenti al mi sSsi @Questionsaddr
with regard to the vater cycle andclimate research, and TRV products are widely used ineather
forecastingnatural hazards and water and raturalresources management aragpplications. TRMM
provides the only consistent measurement of precipitation in the tropics frdsam4esolution to

planetary scales, and the TRMM PR and TMI are the standard for resmiaséng of precipitation from
space. In addition to the scientificlievements reported in the proposal in Section 2, and which can be
tracked in the peereview literature, there is a large number of users of precipitation products derived
from TRMM observations in the operational, public health, agriculture and natsalrce

management agencies around the worleh addition to precipitation data sets, the LIS (Lightning
Imaging Sensor) monitors lightning activity in the tropics, and TMI (TRMM Microwave Imager)
measurements are used also to monitor SST (Sea Surfageenature). Besides 2D gridded

precipitation products, profile data sets such as reflectivity, rainfall and higher level products such as
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latent heating have motivated many new scientific insights into the vertical structure of the atmosphere,
and tropial climate.

The overall science objective of antended TRMM mission is to determine the time and space varying
characteristics of tropical rainfall, convective systems, and stamdshow these characteristics are
related to variations in the global wer and energy cyclesExtension of TRMM will result in: 1) an
improved climatology of precipitation characteristics, especially extremes; 2) diagnosis and testing of
inter-decadal and trendelated processes in the water cycle; 3) assessment of the ibgfdtumans on
rainfall characteristics and processes; 4) robust determinatiozonvective system, tropical cyclone,

and lightning characteristics; 5) advances in hydrological applications over landgbalsin

assessments, water management); 6) impmbweodeling of the global water/energy cycles for
weather/climate predictions; and 7nproved monitoring and forecasting of tropical cyclones, floods
and other hazardous weatheTRMM is the precursor to the upcoming GPM mission to be launched in
2014, wthich will benefit from TRMM sensor technology, ground validation and algorithm legacies, and
also from crosgalibration of radar and radiometer instruments. TRMM &#®M are commended for
having devised a wefllanned transition process that preserves TRIgtrengths while building day
capacity for GPM algorithms and producihe Panel recommends continuing TRMM at the baseline
budget However, he Senior Reviewahelalso recommendshat the transfer of GV, algorithm
development and project management activities be implemented as soon as possible as after GPM
launch while preserving core TRMM activities essential to operations and product delivery
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Introduction

The NASA Earth Science Division (ESD) of the Science Mission Directorate (SMD) is supporting several
Earth observing missions that are operating beyond their prime mission lifetimes. Extended operations
and associated data analysistigities require a significant fraction of the ESD annual budget. NASA and
ESD thus periodically evaluate the allocation of Mission Operations and Data Analysis (MO&DA) funds

with the aim of maximizing within NASBAte mBmadoth
nation’'s goals. This periodic NASA comparative
the “Senior Review.’

The following thirteen missions (in alphabetical order) were invited to propose to the 2013 Senior
Review: the Actie Cavity Radiometer Irradiance Monitor SATellite (ACRIMSAT), AquaCiaudh,
Aerosol Lidar and Infrared Pathfinder Satellite Observat@h (PSO), CloudSarth Observing (EO
1), Gravity Recovery And Climate Experim&@RACE), Jasdn Jasor?/ Oaean Surface Topography
Mission(OSTM)Quick ScatterometerJuikSCATRolar Radiation and Climate Experime8®RCE),
Terra and thelropical Rainfall Measuring MissiofRMM).Performance factors are to include quality
and demonstrated scientific utilitgf the mission datasets, contributions to national objectives,
technical status and budget efficiency

The objective of the ESD Senior Review is to identify those missions beyond their prime mission lifetime
whose continued operation contributes cestfec t i vel y t o both NASA's goal
operational needs. While a mission’s contribut:i
evaluation criterion for mission extension, the ESD 2013 Senior Review explicitly acknowledges (1) the
importance of long term data sets and overall data continuity for Earth science research; and (2) the
direct contributions of mission data to national objectives, such as the routine use ofemdime

products from NASA research missions for applied amttasipnal purposes by U.S. public or private
organizations.

The Senior Review is composed of two panels: the Science Panel and the National Interests Panel. The
Science Panel is the primary panel. It is an independent analysis group with sole respotusibili

evaluate the scientific merit of each mission wi

objectives. The Science Panel draws from recognized expert members of the Earth Science research
community, and is supported ligchnical (Technidd&Review Subpanefind costexpertsfrom within and
outside NASA tassess the health and viability of the operating satelbted the proposed MO&DA
budgets.

The National I nterests Panel assesses ctstoeatisiyt i | i
national objectives by public (neMASA) and private organizations.

The Senior Review Parginsiders the results from the National Interest Panel and the Technical Review
Subpanebn their final review findings and ratings

ESD has requested the NASA Science Office for Mission Assessments (SOMA) to perform a Technical
Review that partially parallels the Technical, Management, and Cost (TMC) evaluations that SOMA
performs on PrePhase A mission concepts. As the missions arpgsing extensions on the Operations

and Sustainment phase (extended Phase E), the review emphasizesrthveare status and

performance and reliability projections, and mission operations plans
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ESD Senior Review
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Figure 1. Senior Review Flow

Proposers were instructedi t he *“ Cal }Sehiar Revi®w2018 of tha Mission Operations and
Data Analysis Program for the Earth Science Ope
of the components of the missi onationatoaptimizétealth e a m’

and vitality of the components including the spacecraft, instruments, and ground systems (e.g.,
spacecraft control center and science center(s)); summarize actions taken to improve the effectiveness
of the mission operations tasksd describe what improvements have been accomplished; summarize
the health of the components and point out limitations as a result of degradation, aging, use of
consumables, obsolescence, failures, etc.; provide supporting data in the form of engirdsgeng

tables and figures in Appendix E; and include an estimate and rationale of mission life expectancy.

Technical Review

Technical Review Criteria

Each proposed mission extension is reviewed in detail for the feasibility of mission implementation as
reflected in the perceived risk of accomplishing the extended missqmroposed

The Technical Review Subpanel is given the task to assess eachhissioper f or mance and
projections for the satellite and instrument(s), the mission operations implementation plahthe

likelihood of accomplishment within the proposed coBte review considers factors including the

status of consumables arpedictedutilization; spacecraft and instrument status, performance

degradation, and failure risk; the proposed mission operations approach for the effective and safe
management of an aging satellite; and mission and data managefeatreview resultainarrative

text as well as a risk rating for tieasibility of the extended mission implementation
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Technical Review Principles

The basic assumption is that the mission will be extended unless significant technical weaknesses are
evident that would adersely affect the proposed mission extension. The proposer is regarded as the
expert on his/her proposal and therefore is given the benefit of the doubt.

r. ,

On the proposal, the propose
c a | vdidatep reovp dSsuebrp’asn ed s sse rt taisk

the review the Techni

All Proposals are reviewed to identical standards and they receive same evaluation treatment in all
areas and are not compared to other proposals. Thehnical Review Subpanel is made up of reviewers
that are experts in the areas that they review and they review the investigations using only the review
factors that apply to the specific mission.

The proposals are only reviewed on the risks that aréean the control of the proposer. Inherent risks

from spacebased missions, e.g. space environments, are not considered on the review. Programmatic
risks of mission extensions, e.g. budgetary uncertainty, are not considered on the review. Risks that the
mission team can address, e.g. adequacy of resource management, are considered.

The Technical Review Subpanel develops findings for each proposal that reflect the general agreement
of the entire panel. The findiamgd adaers be:it o AlBdwvw
expectations” that transl ates into “Weaknesses’

Technical Risk Ratings

The Technical Review is to determine, for each proposed mission extension, the level of risk of
implementing the mission extensi@s proposedAn integral part of the Technical Review is the review
of available resources to the proposer to handle probleResources can be redundant hardware,
consumables, reserves, and margins on physical resoaudsas power and propellant; planned
solutions; and personnel.

Technical Risk Ratings are defined as;

1 Low Risk There are no problems evident in the mission that cannot be normally solved well
within the resources available. Problems are notof sufecnt magni t ude t o doy
capability to continue the proposed investigation well within the available resources.

1 MediumLow: Problems have been identified, but are considered well within the proposal
team’s capabil it ilableresowceswithrgoogel managenent rid applizaticn
of effective engineering resources. Mission design may be complex.

T MediumRiskPr obl ems have been identified, but ar e
capabilities to correct within availablegeurces with good management and application of
effective engineering resources. Mission design may be complex and resources tight.

1 Medium-High One or more problems of sufficient magnitude and complexity have been
identified that are unlikely to be sadd within the available resources.

18

s task is trmmgpr ovli

e n

bt




1 High Risk:One or more problems are of sufficient magnitude and complexity as to be deemed
unsolvable within the available resources.

Technical Review: Definitions of Findings

Each finding is identified as a;

1 Major Strength: A facet of the response that is judged to be well above expectations and can
substantially contribute to the ability to meet the proposed technical objectives well within the
available resources.

1 Major Weakness: A deficiency or seteficiencies taken together that are judged to substantially
impair the ability to meet the proposed technical objectives within the available resources.

1 Minor Strength: A facet of the response that is judged to be above expectations and can contribute
to the ability to meet the proposed technical objectives within the available resources.

1 Minor Weakness: A deficiency that is judged to impair the ability to meet the proposed technical
objectives within the available resources.

For the Senior Reviewl dindings (major and minor) are considered on the Technical Review risk ratings.

Technical Review Process

The Technical Review Subpanel is composed of reviewers who are experts in the areas that they review.
These areas included Instruments, Flight &yst, and Mission Design and Operations. The Technical
Review Subpanel was asked to consider technical factors suktstiaments- status of the

instrument(s) and components, redundancies, projected lifetime, and instrument resource
managementflight Sgtems—flight systemsstatus and health, redundancies, consumables, margins,

and spacecraft resource managememiission Design and Operationmission operations approach,

ground facilities- new/existing, and telecommunications. The Technical Revidpa®e! is lead by a

Technical Review Form Lead who is responsible for guiding the discussions and for the Technical Review
Form development.

All Technical Review Subpanel members review the proposals and write an individual review before
discussing findigs with other members of the review team. Each individual finding explains the issue in
det ai | and is identified as “Above expectations
that transl ates i nto “ We ak ratessne fnding. Far radh proposa e x p e
these individual findings are gathered into a table that is the basis of a subpanel discussion
teleconferences.

Teleconferences are held for each proposal to discuss the findings by the entire subpanel. During the
disaussions individual findings are kept, merged with other similar individual findings, or dismissed when
appropriate.

The Plenary Meeting is held to refine and finalize the forms and determine the Risk Rating. During the
discussion findings are refined, nged with other similar findings, or dismissed. For each proposal, the
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Technical Review Form is reviewed 3 times and polling is held to determine the Risk Ratings for each
proposed mission extension.

Technical Review Product

The Technical Review of t2@13 Senior Review results on a Technical Review Form for each proposal.
This form is labeled with the appropriate Mission name and Principal Investigator. It contains the Risk
Rating assigned by the Technical Review Subpanel and a rationale paragraptirexpte rating. The

form enumerates the Major Strengths, the Major Weaknesses, the Minor Strengths, the Minor
Weaknesses, and any questions to be sent to the proposing mission teams. This form is the product of
the Technical Review process describedvaband for each proposal it is regarded as the report from

the Technical Review Subpanel to the Senior Review Panel.

Technical Review Summary Results

Table 1 shows the results of the Risk Ratings assigned by the Technical Review Subpanel to each
proposal mission extension. Including the Technical Review Form for each proposal in this report would
be very cumbersome therefore only the risk rating and rationale is included for each proposal. If more
detail on the results of the Technical Review Subpanedquired, the Technical Review Forms are

available from the NASA SOMA archive. The rationales are organized in alphabetical order and the major
findings are in bold letters.

Table 1. Summary results of the Technical Review for the 2013 Senior Review

Missi isl Low Medium-Low Medium Medium—High High

GRACE

QuIkSCAT

SORCE

XX X[ X

TRMM

Aura

CloudSat

EO1

XXX [X

Jasonl

Aqua X

CALIPSO X

ACRIMSAT X

Terra X

OSTM X

ACRIMSAT

TheActive Cavity Radiometer Irradiance Monitor SATellite (ACRIMSAT) proposed mission extension is
rated as MediurrLow RiskThe Technical Review Panel has identified 2 Major Strengths, no minor
strengths, no Major Weaknesses and one minor weakness that intftuthe risk determinationAll 3
radiometers are performing nominally and are expected to operate very well through the proposed
mission extension period. And, the spacecraft bus is in nearly the same condition as when it was
launched and should surviviairough the mission extension perioddowever, ACRIMSAT was built

using a number of singlgtring Class D parts that have exceeded their design lifetimes.
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Agqua

The Aqua proposed mission extension is rated as Medium RiekTechnical Review Panel has

identified 1 Major Strength, 3 minor strengths, 1 Major Weakness and 3 minor weaknesses that

influence the risk determinatioThe spacecraft bus is in excellent condition and should be fully

functional past the mission extension perio@he Atmospheric InéRed Sounder (AIRS), Clouds and the
Earth’'s Radiant Energy System (CERES), and Mode
all seem to be degrading gracefully. The AIRS science team has developed techniques to cope with
spectral and radiometrictsfts and noisy detectors. And, the ground system architecture continues to be
robust and has been carefully kept up to date. Howetles,reliability of the Advanced Microwave

Scanning Radiometer for EOS (AMERspin motor is uncertain and continued opion has the

potential to force the spacecraft into Safe Stat®n CERES, there is no data to support the claim that
polymerization of molecular contaminant on the ShortWave (SW) channel has leveled off. The MODIS
Shortwave and Migvave InfraRed (SMIR) duthongWave InfraRed (LWIR) channel Focal Plane

Assemblies (FPA) temperatures show oscillations starting in 2011 that are not explained and which could
indicate thermal control issues. And, the narrative detailing the performance of the Guidance,

Navigation & Control (GN&C) system is lacking. The risk for 4a4 mission extension is expected to

be higher.

Aura

The Aura proposed mission extension is rated as Mediligh RiskThe Technical Review Panel has
identified 1 Major Strength, 1 minor strength, 2 Major Weaknesses and 5 minor weaknesses that
influence the risk determinationMost spacecraft flight systems are operating nominally with
redundancy and are expected to contie to perform very well through the proposed mission

extension period.And,the operational budget status of the four lifenited items on the Ozone

Monitoring Instrument (OMI) is good. Howeveye to unspecified aging of the Microwave Limb

Sounder (ML¥and the lack of redundancy, there is significant uncertainty concerningrémaining
observation time. The potential for significantly degraded operation or loss of Tfrepospheric

Emission Spectrometer (TES) instrumehiring the proposed tweyear mission extension period is

high. The OMI row anomaly, first observed May 2008, continues and the data shown in Fi&&0OE

are not fully explained leading to a concern of further degradation. There are concerns about the
impacts of OMI Charged CouplBgvice (CCD) temperatures, the impact on science data quality due to
the reduction in TES calibration frequency, and the potential for disruption to science data handling due
to the recurring anomaly in the Formatter Multiplexer Unit/Solid State RecdifldtJ/SSR). And, staff
reductions may leave the Earth Observing System (EOS) operations center inappropriately vulnerable.
The risk for the 4/ear mission extension is expected to be higher.

CALIPSO

The ClouéAerosol Lidar and Infrared Pathfinder Satelitbservation (CALIPSO) proposed mission
extension is rated as Medium Ridke Technical Review Panel has identified 1 Major Strength, 2 minor
strengths, no Major Weaknesses and 3 minor weaknesses that influence the risk determiAltion.

flight systems,including Command and Data Handling, Telecommunications, Power, Attitude and

Orbit Control, Propulsion, Thermal Control, and Flight Software are fully functional and retain full
redundancy.The Imaging Infrared Radiometer (IIR) and Wide Field Camera ¢dffi@ye to function

well, with no dead or blind pixels. And, CALIPSO operations continue to proceed as planned coordinating
bet ween Centre National d"Etudes Spatiales (CNE
Conjunction Assessment Risk AnalyGB&RA) for ensuring safedy-flight with the ATrain. However, the
CloudAerosol Lidar with Orthogonal Polarization (CALIOP) Laser 1 #iraitifeg item that is losing

pressure at a rate faster than predicted. The portion of the decreasing Lasert@aipsed by laser
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diode pump arrays dropouts and the rate of increase of those dropouts were not presented; the
proposed workarounds could have deleterious effects. And, the Sigi¥bise Ratio (SNR) for the 532P
channel is expected to fall below requinents before the end of a-flear mission extension. The risk for
the 4-year mission extension is expected to be higher

CloudSat

The CloudSat proposed mission extension is rated as MeHigin Risk. The Technical Review Panel has
identified no Major Strengths, 3 minor strengths, 1 Major Weakness and 1 minor weakness that
influence the risk determination. The Cloud Profiling RadBR{Gensitivity exceeds predicted evfd

life performance by a significant margin. The spacecraft subsystems, with the exception of the Power
Subsystem, are performing nominally and over 90% of critical items have retained their redundancy.
And, the Dayligt-Only Operation (D@p) scenario covers 56% of each orbit while preserving remaining
battery integrity during eclipses, demonstrating mission flexibility. Howekerpotential impacts of

the operational changes required to accommodate the severe redmctin battery capacity create a

large uncertainty that the spacecraft will survive the proposed mission extension periatd, the

receive side of one of the transponders is currently latched up and is inoperable, leaving the spacecraft
single string usig the other transponder. The risk for theydar mission extension is expected to be
higher.

EG1

The Earth Observing (EQL) proposed mission extension is rated as Medidigh RiskThe Technical
Review Panel has identified no Major Strengths, 1 mét@ngth, 2 Major Weaknesses and 3 minor
weaknesses that influence the risk determination. ThelE@ission ground system has continually
evolved to an efficient and autonomous lighiat operation for maintenance, planning and data
disseminationHowever,there is insufficient data presented to assess the true status and risk of the
instruments on EGL as required by the Call Letter instructions. There is insufficient data presented to
assess the true status and risk of the Bus as required by the Calktter instructions.ltems %10 on
the Life Limiting Items List refer to radiation dose tolerances that arexdnbnum for life beyond 2008
and 2011. EQ mission life expectancy is power limited and is directly affected by the natural drift of
the orbit. And, the operations team has not been performing standard maintenance for an aging
satellite. The risk for the 4/ear mission extension is expected to be higher.

GRACE

The Gravity Recovery And Climate Experiment (GRACE) proposed mission extensidrasHagh Risk

The Technical Review Panel has identified no Major Strengths, 3 minor strengths, 2 Major Weaknesses
and no minor weaknesses that influence the risk determination. The center of mass trim electronics and
the active thermal control systemalre been failure free and continue to operate reliably on their

primary sides with adequate adjustment range.-@ard Data Handling and Attitude and Orbit Control
subsystems on both satellites are performing nominally, retain full redundancy, and agpedo a

support operations during the proposed mission extension period. And, the joint NASA/ESA ground
system and staffing is very efficient with significant redundancy and robustness to accommodate
anomalies and ad hoc mission suppdtoweverthe GRACHiission requires both satellites to be

operating to perform the sensitive gravity measurements, bkety instrument subsystems now lack
redundancyAnd, tK S Dw! / 9 @SKAOf SQa FfAIK:IG aeadasSvya | NB

Jasonl
The Jasoil proposed mission extension is rated as Meditbiigh RiskThe Technical Review Panel has
identified 1 Major Strength, 3 minor strengths, 2 Major Weaknesses and 1 minor weakness that
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influence the risk determinatiorhe key instruments on Jaseh continue tooperate stably and retain
redundancy.The Propulsion System is operating nominally with significant propellant margin. The
Power System is operating nominally with 325 W margin in worst case conditions. And]l Jassion
operations follow weldefined pocedures and backup ground stations provide resiliency to the mission
However several flight systems have experienced failures and are now using spare or redundant
hardware, any failure of which would result in loss of the missidn March 2012, Jasefh experienced
degradation of its onboard flight software memory, increasing the risk of losing satellite command
and control, and imposing a safetgf-flight hazard.And, the Doppler Orbitography and

Radiopositioning Integrated by Satellite (DORIS) sliahle oscillator in the primary receiver failed early
on, removing redundancy he risk for the 4/ear mission extension is expected to be higher.

Jasor2/0STM

The Ocean Surface Topography Mission (OSTM) proposed mission extension is rated as Tha Risk
Technical Review Panel has identified 2 Major Strengths, 2 minor strengths, no Major Weaknesses and
no minor weaknesses that influence the risk determinati@&TM instrument systems continue to

perform very well and all retain full redundancyThe G5TM bus has operated exceptionally well

providing high confidence that it will remain fully functional during the proposed mission extension
period. Three additional payloads: the Environment Characterization and ModelisatiGarmer),

the Light Partile Telescope (LPT), and the Time Transfer by Laser Link (T2L2) continue to perform very
well with redundancy. And, ground system operations are stable, and teams havaefiedid roles.

QukSCAT
The Quick Scatterometer (QuikSCAT) proposed mission extarsated as High Riskhe Technical

Review Panel has identified no Major Strengths, 1 minor strength, 2 Major Weaknesses and 1 minor
weakness that influence the risk determination. Most instrument subsystems and their spacecraft
interfaces are operatigp nominally. Howeverell losses have significantly reduced battery capacity,
jeopardizing the mission, and requiring that the scatterometer be powered off entirdlyring eclipse
periods. The QUSCAT bus has lost redundancy in critical subsystems, and the potential of mission
ending failure during the proposed mission extension period is higind,additional GPS system

failures may force the program to fall back to using ground station traclatayto determine position.

SORCE

The Solar Radiation and Climate Experiment (SORCE) proposed mission extension is rated as High Risk
The TechnideReview Panel has identifiedajor Strength, 1 minor strength, 1 Major Weakness and 3
minor weaknesses #t influence the risk determinationThe Spectral Irradiance Monitor (SIM) and

XUV Photometer System (XPS) instruments continue to perform very amdl to retain asdesigned
redundancy The SOLar STellar Irradiance Comparison Experiment (SOLSTICE émddiance

Monitor (TIM) instruments are performing well despite challenges resulting from powering off during
eclipse. HowevelSORCE's battery capacity is seriously degraged any additional battery anomaly
would likely end the missionlf the two-wheel attitude control modes are implemented, pointing

stability will be negatively impacted to an uncertain degree for approximately 14% of the year. The
attitude control system is now singktring and failure of the remaining star tracker would end the
mission.In addition it is unclear why SORCE mission operations added automation to support a single
Tracking and Data Relay Satellite (TDRS) contact per day, but still has 2 crew members manually
overseeing the remaining daily contacts.
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Terra

TheTerra proposed mission extension is rated as Medium Low RiskTechnical Review Panel has
identified 2 Major Strengths, 3 minor strengths, no Major Weaknesses and 4 minor weaknesses that
influence the risk determinatiorThe Multiangle Imaging Spectradiometer (MISR) instrument is
performing very well The propulsion system, solar arrays, attitude/guidance control and

determination and communication subsystems continue to perform very well, maintain their
redundancy, and appear to be able to supportieace operations for a fouyear mission extension

period. Overall, a Reliability and Lifetime Study performed in 2010 predicts instrument probabilities
ranging from 0.76 0.63 for Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER)
to 0.94- 0.89 for Moderate Resolution Imaging Spectroradiometer (MODIS) through theatwidour

year extension periods, respectively. The Cloud
instruments are operating well, despite a scatependent ShortWee InfraRed (SWIR) error due to
UltraViolet (UVpolymerized contamination. The Measurements Of Pollution In The Troposphere
(MOPITT) science team overcame the loss of four of the instrument's 8 channels with a technique that
allows vertical resolution thas as good as the pifailure data.However, although MODIS continues to
operate stably, the scan mirror response vs. scan angle continues to be problematic as its effect
increases with time. The Direct Access System Modulator (DASM) of the Terra Coatioosi

Subsystem has lost redundancy, with the remaining unit a single point failure, the loss of which would
curtail direct broadcast to users. The impact of additional battery cell losses on the science mission was
not addressed. Overall data storagepeaity has been reduced by 15.5% due to 9 of the 29 Printed Wire
Assembly (PWA) boards in one of the two Data Memory Units being disabled. The risk fgetre 4
mission extension is expected to be higher.

TRMM

The Tropical Rainfall Measuring MissionN\IMg proposed mission extension is rated as High.Ris&
Technical Review Panel has identified 2 Major Strengths, 2 minor strengths, 1 Major Weakness and 2
minor weaknesses that influence the risk determinatidhe Visible Infrared Radiometer (VIRS), TRM
Microwave Imager (TMI) and Lightening Imaging Sensor (LIS) continue to operate nominally after over
15 years in orbitAll of the spacecraft subsystems are operating nominally or neaminal and the
majority maintain full design redundancyThere has ben little or no perceivable degradation in
Precipitation Radar (PR) performance since launch. And, the TRMM ground and mission operations
system has continued to modernize and automate support to the vehicle and mission. However,
independentanalyses indiate TRMM does not have sufficient propellant to support a twear

mission extensionThe PR experienced failure of thesile Frequency Converter/ Intermediate
Frequency (FCIF) resulting in a loss of redundancy. And, the Clock Card/Frequency Startlard and
Power System Integration Box (PSIB) have lost redundancy.
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APPENDIX NATIONAINTEREST PANEL REPORT

Report of the 2013 National Interests Styganel of the NASA Senior Review
Chair: Francis Lindsay, NASA Applied Sciences Program
CoChair: JohiiHaynes, NASA Applied Sciences Program

The 2013 National Interests Review assessed the contributions of the core data products df the 13
missions under review to national objectives by assigning a utility value to each product or group of
products.Overd | , t his panel conveyed to the Science P
operational us es” t khiadudirg eperatienalruses, publin sevices, busiresse s t s
and economic uses, military operations, government managenpeticy making, nongovernmental
organi zations’ uses. Essentially, thi-xseadchnel r
purposes.

The following organizations were represented on the panel: the National Oceanic and Atmospheric
Adminigration (NOAA)/National Weather Service (NWS); NOAA/National Ocean Service (NOS) ; the
Federal Aviation Administration (FAA); the US Department of Agriculture (USDA), the US Air Force, the
US Navy; the Environmental Protection Agency (EPA); the US Galdkgiey (USGS); the Naval
Research Laboratory (NRL); Conservation International (Cl), the American Society for Photogrammetry
and Remote Sensing (ASPRS); the National States Geographic Information Council (NSGIC) and the Urb:
and Regional Information Sgms Association (URISA).

The panel met AprilQ1, 2013, in Pentagon City, Virginia.

Pre-panel Activities
Each organization represented on the panel-pesessed three primary factors and one overall rating
for each mission during March 2013. The assessed factors included:
1) Value: Overall value of the data products to the range of applied and operatigsed within
the organization. Value for those times the data is used, independent of frequency of use,
latency of receipt, etc. Value was qualitatively assessed as high, medium, or low.

2) _Frequency of UseFrequency the organization currently uses tregadproducts in the range of
applied and operational applications. Frequency of use was qualitatively assessed as routine,
occasional, rarely, or never.

3) _Latency:Current timeliness in which the organization accesses and/or receives delivery of the
dataproducts to meet the range of applied and operational uses. Latency was qualitatively
assessed as near real time, within one to two days, weekly/monthly, or archival.

4) Overall rating: UtilityOverallutility of mission and data products to national interests. Overall
utility was qualitatively assessed as very high, high, some, or not applicable.

! Note: ACRIMSAT was added for the 2013 Senior Review.
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Panel Activities

Following the preassessments, the organization representatives met in a formal panel session o
three days in April 2013. During this panel, 45 minutes of discussion time were allocated for each
mission; however, 75 minutes were allocated for the flagship missions of Terra, Aqua, and Aura.

At the start of each discussion, an assigned PrimavieRRer introduced the mission and his

organi zation’s ratings. The c¢hai r-paad ratings.sth o we d
round-table panel discussion then commenced. By the end of each discussion, the panel reached
agreement on an cerall utility rating for the mission and/or sensor. The panel also determined any
guestions to forward to mission teams via the Science Panel. Each mission team answered these
guestions during the full Science Panel in May 2013.

Following discussions afl the missions, each organization separately ranked each mission
guantitatively according to its pogtanel view ohational interests. Each representative was asked to
assign 13 points to the mission of highest priority and one point to the missionvest priority.

The Primary Reviewers then prepared panel summaries for each mission.

Panel Overall Summary
The following table summarizes the qualitative utility ratings determined by the panel:

NASA 2013 Earth Science Senior Review
National Interests Panel

Rating Definition Missions

IThese missions have one or more very relevant
nd highly valued data products which are
outinely used by one or more of the

Very High Utility articipating organizations for important Aqua, Terra, TRMM

ctivities. Loss of the data product(s) would

ave a significant negative impact on national
gencies and organizations.

hese missions have one or more data
roducts which are routinely used by one or
ore of the participating organizations for their Aura, CALIPSO, CloudSAT,, GRACE, Jason-1,
ctivities. Loss of the data product(s) would Jason-2/0STM, QuikSCAT, SORCE

ave a measurable negative impact on national
gencies and organizations.

IThese missions have one or more data
products which are used by one or more of the
participating organizations. Loss of the data
product(s) would have a small but measurable
negative impact on national agencies and
lorganizations.

IThese missions had no identified or significant
Not Applicable pplied or operational utility to the participating
(aka, Minor / Negilible)organzations. Loss of the data product(s) None
vould have no or neglible negative impact on
ational agencies and organizations.

High Utility

Some Utility ACRIMSAT, EO-1

The following chart summarizes the quantitatieem k of each mi ssion accor di

national interests. A higher score indicates greater utility.
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Mission

Aqua

Overall Score

162

Utility Rank

Very High

Terra

153

Very High

TRMM

125

Very High

Aura

109

High

Jason-2/0STM

106

High

GRACE
CloudSAT

91
78

High
High

CALIPSO

77

High

EO-1

72

Some

Jason-1

7

High

SORCE

61

High

QuickSCAT

59

High

ACRIMSAT

19

Some

A detailed chart presenting each organizations utility ranking can be found in the chart below:

NASA 2013 Earth Science Senior Review
Overall Utility Rating from National Interests Panel, by Organization & Mission/Sensor
Civil Agencies Miltary / Intelligence Community State & Locals Private Sector / NGOs
Mission / Sensor | Overall Rating
NOAANWS NOAANOS FAA USDA uses EPA NAVY/CNMOC | DODINAVY/NRL | DODIUSAF NSGIC Conservation Intl URISA ASPRS

ACRIMSAT Some Uility Not Applicable ‘Some Utiity NotApplicable | Not Applicable ‘Some Uity NotApplicable | Not Applicable High Uity NotApplicable | NotApplicable | Not Applicable Some Utilty Not Applicable

Aqua Very High Utility | Very High Utiity | Very High Utity | Very High Utilty | Very High Utility | Very High Utility | Very High Utilty | Very High Utilty | Very High Utilty | Very High Utilty | Very High Utility | Very High Utiity. High Uity High Utilty
AIRS| Very High Utility | Very High Utiity High Utity Very High Utifty | NotApplicable | Not Applicable | Very High Utiity | Very High Uity | Very High Utiity | Very High Utiity | Very High Utiity | Not Applicable Some Uility Not Applicable
AMSR-E|  High Uiility High Uity High Utiity NotApplicable | Not Applicable ‘Some Utiity Not Applicable High Uriity Very High Utiity | Not Applicable High Utity NotApplicable | NotApplicable |  Not Applicable.
CERES|  High Uiility Very High Uity High Utiity NotApplicable | Not Applicable ‘Some Utiity High Uiy Not Applicable High Uity NotApplicable | Very High Uity | Not Applicable Some Uility Not Applicable

MODIS| Very High Utility | Very High Utiity | Very High Utilty | Very High Utiity | Very High Utiity | Very High Uity | Very High Utilty | Very High Utiity | Very High Utity | Very High tiity | Very High Utity | Very High Utiity | Very High tiity High Uity
Aura High Uility High Uity High Utiity High Uity Not Applicable | Very High Uity | Very High Utiity High Utiity High Uity Very High Utiity | Very High Utilty |  Not Applicable High Uity Not Applicable
HROLS|  Some Uiility NotApplicable | NotApplicable | NotApplicable | NotApplicable | Not Applicable High Uilty NotApplicable | Not Applicable Some Uity NotApplicable | Not Applicable Some Uility Not Applicable
mLs|  High tility Some Utility High Utilty NotApplicable | NotApplicable |  NotApplicable | Veery High Utiity High Utiity High Uity NotApplicable | NotApplicable | Not Applicable Some Uity Not Applicable.
oM Very High Uility High Uity Very High Utiity | Very High Utiity | Not Applicable | Very High Utiity | Very High Utiity High Utiity High Uity Very High Utiity | Very High Utilty |  Not Applicable High Uity Not Applicable
TES|  Some uiility Not Applicable ‘Some Utiity NotApplicable |  NotApplicable |  Not Applicable. High Urilty Not Applicable ‘Some Utiity NotApplicable | NotApplicable | Not Applicable High Uity Not Applicable
CALIPSO High Uiility Some Uity Some Utilty | Very High Utily | Not Applicable Some Utiity | VeryHigh Utiity | NotApplicable | Very High Utily | Not Applicable High Uity Not Applicable High Uity Not Applicable.
Cloudsat High Uility Some Uity Some Utiity | Very High Utiity | NotAppiicable | Not Applicable High Uity Some Uity High Uity High Uity High Utiity Some Uity Some Uity Not Applicable

EO1 Some Uility Some Uity ‘Some Utiity Some Utiity | Very High Utiity | Very High Utiity | Very High Utiity Some Uility Some Utiity Not Applicable Some Utilty High Uility Some Uiility High Utity

GRACE High Uility High Uity Very High Uiy |  Not Applicable High Uity ‘Some Utiity High Uilty High Utiity High Uity High Uity Very High Uity |  Not Applicable High Utiity High Uity
Jason-1 High Uiility High Uity Very High Utiity | Not Applicable High Uriity ‘Some Utiity Not Applicable | Very High Utlity | Very High Utiliy |  Not Applicable ‘Some Utiity Some Utiity Some Utilty Not Applicable.
Jason-200ST™ High Uility High Uity Very High Utiity | Not Applicable High Uity ‘Some Utiity Some Uity Very High Utiity | Very High Utiity |  Some Utiity Some Utilty Some Utiity High Uity Not Applicable
QuikSCAT High Uiility Some Uity High Uity Some Uity Not Applicable High Uity Some Uity High Uriity High Uity NotApplicable | NotApplicable | Not Applicable High Uity Not Applicable.
SORCE High Uility High Uity Very High Utlty |  NotApplicable | NotApplicable |  NotApplicable | Not Applicable High Utiity Very High Utilty | Some Uity ‘Some Utiity Not Applicable Some Uity Not Applicable
Terra Very High Utility | Very High tiity High Utiity Very High Utity | Very High Utility | Very High Uity High Uity High Uriity Very High Uty | Very High Utiity | Very High Utiity | Very High Utiity High Uity Very High Uity

ASTER[  High Utility Not Applicable Some Utilty Some Utiity High Uity Very High Uity High Uity Not Applicable High Uity Not Applicable | Very High Uity High Uity High Utiity High Uity
CERES|  Some Utility | Very High Utiity High Utiity NotApplicable | Not Applicable ‘Some Utiity High Uilty Not Applicable ‘Some Utiity NotApplicable | NotApplicable | Not Applicable Some Uility Not Applicable
MISR|  Some Utility: Not Applicable ‘Some Utiity Some Uity Not Applicable ‘Some Utiity High Uity Not Applicable High Uity NotApplicable | NotApplicable | Not Applicable High Uity Not Applicable
MODIS| Very High Utility | Very High Utiity | Very High Uity | Very High Uity | Very High Utiity | Very High Utlty | Very High Utiity | Very High Utiity | Very High Utilty | Very High Utiity | Very High Uity | Very High Uity High Uity Very High Utility
MOPITT|  Some Uiility NotApplicable | NotApplicable | NotApplicable | NotApplicable | Not Applicable High Uity Not Applicable High Utilty NotApplicable | NotApplicable | Not Applicable Some Uiility Not Applicable

TRMM Very High Utility High Uity Very High Utilty | Very High Utilty | Very High Uity High Utity High Uity Very High Utty | Very High Utilty | Very High Utiity | Very High Utilty | Very High Utiity High Uity High Uity

Very High . - -
Color Key eU)t’iIityg High Utility | Some Utility NA
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PANELSUMMARIES OF EAGHSSION

Aqua (Very High Utility)
Rated very high utility by the panel. This is due to use by virtually all groups represented on the panel
and covering just a broad spectrum of interdisciplinary areas. Loss of data from Aqua would have
significant negative impaadn all organizations in the panel. Widespread use of MODIS alone ensures
the highest ratingUses included:
1) AMSRE: Numerical weather prediction, sea ice, TC location/structure/track; rain estimates for
active/global TCs; Considered important to coagrfor crossvalidation with GCOM AMSR2.;

2) AIRS/AMSU: Importance and utility widely noted. Of significant importance to aviation
community (SO2, volcanic plumes); volcanic ash detection in Rapid Update Cycle Rapid Refresh
Model. Profiles assimilated HOAANWP and considered to be their most critical NASA data
set;

3) MODIS: MODIS data remains the most widely and broadly used dd@4AA MODIS images
have become one of the primary data sources for their ice analySiARrises MODIS data for
WRF modehiputs, Snow depth, Land Information System (LIS), precipitation estimates, Cloud
Detection Forecast Systethmodel, Cloud detection, imagery, ice/snow/volcanoes, fires,
smoke, Tropical cyclone forecastiNgGIlCises MODIS in similar cloud, fire, dust|aye
analysis/forecast.

Terra (Very High Utility)
Easily reached consensus rating of Very High Utility, primarily due to the great practical utility of MODIS
for a wide range of applications. Value of other sensors, particularly ASTER, added tatinigjityses
included:
1) DOD/Navyuses data for fires, volcanic plumes, near coastal; impact ship operai@®sA/NOS
National Ice Center uses ASTER for ice edge detection, tropospheric chemistry,

2) FAAusing MISR to distinguish sulfate/water vapor from-dsiminated plumes which could be
used in volcanic air hazard mitigation;

3) CERES value for general climate applications; global weather forecast models, similar to Aura;

4) MODIS: ASPRS uses Terra MODIS for public/environmental health; disease vectptantiDV
surface temperature. For EVI or NDVI, blue band at higher resolution would benefit future
applications. EPA using MODIS for aerosol, change detection algorithms, hypoxia driven.
NOAA/NOS uses data for chlorophyll and suspended matter analysmfatoring runoff into
the Chesapeake Bay. These data are essential for assessing the health and recovery of the Bay
and monitoring al gal bl ooms related environn
MODIS products for the true and false color imagand AOD. The imagery is useful to detect
transport of smoke and dust .’

TRMM (Very High Utility)

TRMM provides key input to global rainfall estimation, as it is used directly within the tropics and
indirectly outside of the tropics to calibrate muiensor estimates of PPT. TRMM has active and passive
microwave plus thermal capabilities, making ietimost powerful satellite sensor set for studying
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rainfall. Continuation of TRMM data will allow the community to better link the TRMM data set to that
of GPM. Uses included:
1) ASPRSises TRMM data for public health applications, modeling of disease vectors based on

precipitation data.

2) NOAA/NWSotes imagery from TRMM can reveal the location and structure of the TC
circulation center when the center is not visible in geostationarygiemg due to mid and high
level cloud cover.

3) USG%otes TRMM data are a key component of FEWS Net Data portal.

4) USDATRMM precipitation products are used in comparison with other precipitation products
from World Meteorological Organization (WMO) and frame tUS Air Force Weather Agency
(AFWA).

Aura (High Utility)

The data are useful for improving understanding for how various molecular species contribute to
changes in the atmosphere and to atmospheric forcing. In recognition of this fact and the

potential benefit from this research, the panel rated the value of this mission as HIGH with OMI
observations remaining the most used. However, the current lack of real time data access and wider
swath coverage preclude using this data more widely in operations.

Uses included:

1) USARising OMI for ozone, total column profile, and used for detection of SO2 for volcanic
activity. Supports highltitude missions and radiation maps.

2) FAAdelivers information regarding the presence of,&@d airborne volcanic ash. OMRT SO2
and Aerosol Index (Al) data have been integrated into the decision support system at the
NOAA/NESDIS Washington Volcanic Ash Advisory CerntéAA®).

3) USGSIsing ozone measurements from the OMI are part of aemm ozone history used to
correct for the atmosphere in Landsat, HOMODIS and ASTER surface reflectance retrieval.

4) NSGIGinds the NQ products are useful to help quantify and verify emissions inventories and to
calculate longerm background N&values for our permit modelers, AQ mitoring.

5) NOAA/NOSieavy use for sulfur dioxide modeling, decision support tool (volcanic ash advisory
product) creation of aerosol scale and sulfur dioxide proxies.

Jasonr2/0OSTM (High Utility)
This mission has data products central to oceanographic &lvee communities, but of less utility for
other communities. Tandem mission with Jasloto observe the variability of the lortgrm ocean
cycles is seen to be of value. The addition of OSTM has extended the ability to find long time scale cycles
that hawe not been seen by any other method. OSTM and Jaduewe allowed for the use of cross
calibration that enables the overall reduction of variability in either senstses included:
1) Only Jasoil and OSTM observations have sufficient accuracy to detszin changes at global
and basin scales. Increased spatial resolution of sea surface height data is developed when
combined with Jasoi data;
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2) OSTM surface wave height (SWH) data are al sg
marine forecasters tprovide analyses of the wave field associated with tropical cyclones;

3) Waveheight conditions/forecasts; warnings to mariners;

4) USDA’ s Foreign Agricultur al Service (FAS) wus
Monitor system to estimate reservoand lake surface altimetry globally;

5) AFWA plans to assimilate OSTM data in their Weather Research and Forecasting (WRF) model
during 201213.

GRACE (High Utility)
The panel indicated that the overall value of this mission was high (67%). The fregfi@ccgssing
data ranged from ‘routine’ (40%) to '"occasional
representative organizations required the data either near real time or witkrdays (33%), whereas
(30%) used the data for archival purposes.
Uses included:
1) NOAA The GRACE satellite has been, and remains, one of the most critical satellites to the
physical geodesy team at the National Geodetic Survey. Its data is used as thal@hength
control of highresolution geoid models created at NO&e GRACE accelerometer provides
some of the best in situ data on satellite drag and atmospheric neutral density at high altitudes.

2) USDAARSGenetics and Precision Agriculture Research Unit: The issue of ground water and
agricultural production is of imense concern and in some places ground water reserves are
being depleted to critical levels. This mission is referenced in several sources as one way to
assess terrestrial water variations.

3) USGS/FEWS NBUr current monitoring products reflect anomaliesthe weather and
vegetation; the incorporation of GRA@Erived information would be reflective of any long
term or climate change impacts on terrestrial water components.

4) CNMO@-NMOCurrently ingests GRACE RO data into their weather forecast system.

CloudSatHigh Utility)

CloudSat is the only source for combined vertical profiles of global cloud liquid content/ice. CloudSat is
used widely for operational and research purposes. Operationally it is used as an independent source in
model verification 6 clouds and cloud structures and is an uninterrupted source for aviation and

weather prediction applications.

Uses included:

1) FAA data used for verification of nowcasting to assess the accuracy of cloud top height forecasts
and diagnoses. Its produdtelp diagnose and forecast the presence of high ice water content
clouds. Hawaiian Airlines views CloudSat data as an important source of information for the
enhancement of aviation and safety performance.

2) NOAA: Earth System Research Laboratory uses&db as one of their primary data sources
for evaluating the quality of aviation icing forecast products. They combine CloudSat data with
CALIPSO data and other weather information for development of verification methodologies.
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3) NSGIC: Montana BureauMfnes and Geology uses CloudSat data to model hydrologic
systems, determine impact on water resource changes, and determine land use changes.

4) NRL uses CloudSat data for 3D cloud research and verification of operational models.

CALIPSO (High Utility)
CALIPSO data products are produced routinely, archived, and made available to researchers worldwide
through data centers in the United States and France. Several agencies ranked CALIPSO as high or even
very high utility, with several others saying it had soutility for their users. Several organizations are
using CALIPSO data for operational and verification purposes. Over a third of the agencies do not use
CALIPSO data at all. The overall rating of high utility is given due to the importance of tiué de&tas
in operations and verification.
Uses included:

1) FAAis combining CALIPSO data with CloudSat data and other weather information for

development of verification methodologies.

2) The Idaho Dept. of Environmental Quality uses CALIPSO curtains to éxploegtical
distribution of aerosols. The vertical feature mask is useful for identifying aerosol types.

3) The USGS Earth Observation and Science Center utilizes data for monitoring aerosols from
volcanic eruptions, and also distributed CALIPSOttHatagh the USGS HDDS system.

4) NRL assimilates data into aerosol models and their 3D cloud analysis scheme, and both NRL and
the NWS use it for model validation.

EQ1 (Some Utility)
EQ1s applied and operational uses are primarily focused on disasteomssgor various United States
Government Agencies and supporting National and International Relief Organizations/Agendies. EO
also supports scientific applied research as well as calibration and validation for the Landsat/Landsat
Data Continuity MissianThe panel split on those who recognize the mission value while an equal group
sees only some valublses included:

1) NOAA NOSuverall some utility. Hyperion instrument useful for complex shallow area waters.

2) NRLUfinds value in data for validation purposes.
3) USDAVery happy with it. Forest service use imagery for burned area emergency response.

4) EPA compares EOHyperion data with their airborne hyperspectral sensor for validation and
calibration and applied resech.

Jasonl (High Utility)

The Panel consensus was to give an overal!/l rati
community (NOAA, NRL, NAVY/CNMOC), though interests intgatarrce management (especially

crop irrigation), and sefevel rise uses for conservation were noted. The loss of Jaseould have a

negative measurable impact on operational agencies.

Uses included:
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1) USDA: Jaseh and Jasoi2 telemetry data are used to provide heightsafgeinland lakes and
reservoirs. lrareas where these reservoirs are used for irrigating croplands, the heights can be
used as one of the pieces of data in forecasting crop area.

2) NOAA NMFS: The Jason altimetry data is used to support the needs from public users
(fishermen—commercial & pnate), national and international government agencies, managers,
and researchers in order to identify, track and monitor the development of mesoscale
oceanographic eddies throughout the Pacific.

3) NOAA NOS: Jasdrand other altimetry satellite data are ioiporated into oceanic gravity
models. These gravity models are one of the most important ways in whicksheee geoid
models are kept realistic. Without such altimetry, the available gravity data near shore would
dwindle significantly, as would its@gacy.

SORCE (High Utility)
The overall rating was that SORCE was of High Utility. This overall ranking reflects the usefulness SORCE
data within agencies applications they use to monitor solar radiation and atmospheric climate change.
SORCE data prodsare utilized for space weather forecasting, and near real time monitoring of solar
flare events, and also used as inputs to various agencies climadeling applications.
Uses included:
1) NOAANOS reported that they use SORCE data to determine howigaldiance contributes to
atmospheric climate change and that the SORCE heritage data will be use to help calibrate the

new JPSS total irradiance sensor when launched.

2) NOAANWS reported that SORCE irradiance data was critical in climate monitoring and that
some application over space weather/proxy for MG2.

3) NRL uses SORCE data on solar irradiance variation is crucial in determining impacts on climate
change and that SRCE data has been the most accurate total solar irradiance ever recorded.

4) USAF reported some utility for SORCE irradiance data and that other branches/departments of
the Air Force have applications for them.

QUuikSCAT (High Utility)
Due to its use as aaccurate cross calibration source of other sensors measuring/monitoring tropical
cyclone activity, and the importance of TC forecasting tononal interest, QUWSCAT is considered to
have relatively high rating to the National Interests Paalditionally, of the National Interests Ral
agencies that rated the QiSCAT mi ssion for wutility, 5 rated i
their organization.
Uses included:
1) NAVY/CNMOQNe are just beginning to receive Ocean3&8SCAdata. As this sensor
integrates into daily operationthe crosscalibrationfromQuW{ SCAT’ s backscatter
this sensor’s wutility very high for TC forec
routing.
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2) FAAData from the satellite cabe used for calibrations of other satellite systems for long term
improvements in general forecasting.

3) NOAA Use for calibration with OSCAT.

ACRIMSAT (Some Utility)
Panel members provided overall rat i n gweralbrdtinge i t
of “Some Utility” reflects fact that most of
direct use of the TSI data but it was acknowledged that the data is essential feetomglimate
change research.
Uses included:
1) NRL: Siitar use and value as SORCE, but ACRIMSAT is far less accurate and produces more
noise, making it hard to develop reliable models. Using both devices fro the samedatal
input for climate change.

2) NOAA NCBO: Using in some capacity.
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APPENDI®. DETAILESCIENCE PANHISSION REVIEWS

ACRIMSAT

Positive endorsementACRIMSAT/ACRIM3 provides total solar irradiance measurements that are used
for studies of solar physics and the interactio
configuration. This mission is the third in a series (ACRIM1 on SMM; ACRMR&), and represents

the last in this series. The instrument and spacecraft are in good health, with the main concerns

centered on correct assessment of instrument degradation and spacecraft battery maintenance.

Recommendation: Continuation of projecs as currently baselined.

ACRIMSAT observations should be continued to avoid the possibility of future data gaps in the TSI data
record. Currently operating missions for TSI include TIM on SORCE, VIRGO on SOHO, and PREMOS anc
SOVAP on PICARD. The SORCEcsatt has experienced battery failures and it may not continue to
operate until either the TIM witness instrument, TCTE, to be flowBDRSaB, or a new TIM to be
flown on JPSS, are launched. As for the-do®. missions, VIRGO/SOHO was launched thargd
PICARD is scheduled for termination in the near future.

The 200%enior Review Pansetcommended the ACRIM team resolve the existing 0.35% discrepancy
between ACRIMSAT/ACRIM3 and SORCE/TIM. As part of the GLORY/TIM mission, LASP developed the
TREF faility. The recent measurements of the ACRIM3 Engineering Model (EM) at LASP TRF, and
characterization of its components at LASP, NIST, and NRL has resulted in an estimated correction of
about-0.5% that has been applied to the ACRIMSAT ACRIM3 TSI Tdeedjreement between
ACRIMSAT/ACRIM3 and SORCE/TIM is now within the estimated uncertainties. The ACRIM team is to be
congratulated for successful reconciliation of this discrepancy in the TSI record.

TheSenior Review Panstrongly endorses the plans to repeat these calibrations and characterizations
with ACRIM radiometers in 2013. T&enior Review Panisl concerned that there are no functioning
versions of ACRIM1 or ACRIM2 to be tested. Instead, hybrids will be coedtrusing ACRIM3 cavities
and electronics, and reconstruction of ACRIM1 and ACRIM2 foreoptics (apertures and baffles). The
Senior Review Panisl concerned as to how representative these tests will be, but understand this will
be “best availabl e.”

The ACRISAT mission proposal did not discuss End of Mission implementation plarSefibe

Review Panekelcomed the news that this is in progress. The effort should include full documentation
of all data reduction algorithms, delivery of software, data, ahdthler necessary components to allow
for a robust archival of this critical time series.

TheSenior Review Panféhds that ACRIMSAT should be terminated upon satisfactory validation of
follow-on U.S. TSI mission, whether that is TCTEId®SaBor TIMn t he JPSS progr am.
validation” should be a TSI community assessmen

There is work to be done in the TSI community given the recent corrections for scattering, diffraction,
and cavity reflectance determined using TRi¥fst, the community Wl adopt a new value for TSI at

solar minimum.Second, the community will develop methods to create a critically compiled and
validated time series. The ACRIM team is strongly encouraged to participate directly in these efforts. To
date, the PI has notasticipated directly in these efforts. This situation is a disappointment tdSteior
Review Paneknd the recommendation is made that the PI, D. Willson, attend the I1SSI, or similar,
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workshops Given the value of these data for the climate science comity, and the recent success of

the inter-comparison of the multiple TSI data records to bring them in line, the panel recommends that

a '‘'TSlI science team” perhaps comprised of exper
formed that carhave theresponsibility for archival, delivery, and critical compilation of the entire data

sets, including the results of all the laboratory calibrations and characterizations.

Scientific Merits: Very Good

Until the onorbit uncertainty in the TSI determinatidar a mission is established to be adequate for

long term climate studies, that is, less than 0%1it is necessary to maintain a continuous TSI record

using well characterized and stable sensors. The proposal argues that ACRIMSAT is the best choice to
maintain data continuity given that SORCE/TIM has battery problems, PICARD will be terminated in early
2013, and TCTE, scheduled for launch in late 2013, may have degraded measurements as a result of its
spacecraft and orbit constraints. The ACRIM teanppses to:

- continue TSI measurements;

- provide comparison measurements for TSI measured by other current and future instruments;
- incorporate planned 2013 LASP/TREF calibration results into ACRIM1, 2, and 3 on orbit results;
-compare preflight LASP/TRéalibrations to iAflight instrument performance where possible; and

- continue several scientific studies that utilize TSI internally and in collaboration with other groups.

Strengths

ACRIMSAT is likely to continue to be fully functional. Scientific collaborations have been established with
planetary science researchei®he recently determined corrections factors improve the quality and

value of the ACRIM3 TSI time series. Contin&ddneasurements from ACRIMSAT will help maintain a
continuous TSI time series. Additional tests at LASP/TRF should help improve the accuracy of the results
of the earlier ACRIM1 and ACRIM2 TSI time series. Full resolution of the ACRIM gap issue from these
new results is a subject of research. This type of collaboration with other TSI monitoring groups will
improve understanding of the quality of LASP/TRF calibration and the ability to transfer it to other
instruments. Additional science activities inclutie examination of the role of planetary motions on

the solar cycle as well as observations of transits of Venus.

Weaknesses

In the proposal, there is focus on the formation of the TSI historical composite and much less emphasis
on scientific results frm the community of ACRIM TSI users. This may be a reflection ofia¢uird of

the mission, without an independent science team, resulting in discussions related to instrument
science. The TSI historical composite is problematic because of the ACRbMplatad issues related to
the TSI sensor’ s c¢har-alutdegnradatoa Bacause she serssrpused toa | |y
bridge the data gap had no means to assessudnit degradation, this topic may remain unresolved.
Compared to the discussion dme historical record and the stability of the TSI at solar minimum, the

lack of discussion on the more recent results giving lower values of TSI for the current maximum is
puzzling. There is also a lack of quantitative information in the proposal asdmniegion, e.g. the

inability of the PI to state instrument specifications such as SNR. The similarities and differences in the
TSI record between the different instruments could have been presented much more clearly. The
uncertainty estimates were poorlyescribed. Improvements in data processing were discussed but
sources of periodic TSI oscillations at solar minimum are poorly addressed or explained. The source and
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value of the TSI difference at minima (1985 & 1996) is still not clear. Hopefully th& RASEsts of
ACRIM1 and ACRIM2 will shed some light on this issue.

Value of data record and overall data continuity

There is value in continuing the TSI data record using sensors like ACRIM that have means to assess in
flight degradation. twould make ense t o continue ACRI MSAT -3usnt il
launched and its TSI data product is validated.

TSI time series is extremely important to models of long term climate change. The corrections realized
during the recent efforts improvethe value of the ACRIM3 TSI time series to the community. Similarly
improved results with the earlier data sets would be especially beneficial to the community.

Core mission data product quality and maturity: Good

The ACRIMSAT core mission data prodaigshe TSI values and their uncertainties. This product is
developed and refined, however the uncertainties on the Web Page appear to be statistical only, where
they should include uncertainty components related to the full processing and establishhii#tyest

the values to the Sl. The Sl traceability should now be possible given the work at LASP/TRF. Recently a
correction for temperature sensitivity was reactivated in the data reduction algorithm, removing

periodic TSI variations on annual timescaldse characterization and calibration of the grodvased

ACRIM 3 at the LASP/TRF facility indicated this sensor was biased higPohyaldbthis information

was used to correct the ACRIM 3 data, resolving the discrepancy noted in the previous SRR betwee
ACRIMB and SORCE/TIM. At the TSI workshop at NIST in 2005 and published in Table 2 of Butler et al.
(2008)? it was noted that, in the case of sensors with multiple cavities (for degradation studies), there
can be large differences unrelated to degrtida in the TSI results depending on which cavity is used.

The range (maximum to minimum) of the TSI values among the three redundant cavities ¥as 0.4
(ACRIM2) and 0.1% (ACRIM1); ACRBWas 0.2P4. This would appear to introduce ambiguity into the
application of a correction factors from a ground based unit that the SRP did not feel were fully
addressed. This needs to beluded to derive a better estimate of the absolute value and uncertainty

of the current time series.

The guideline for data producfuality and maturity is based on weléfined data product uncertainties

for a range of conditions and validation using independent measurements. The independent
measurements provided by SORCE/TIM, designed with the objective dfotabsolute uncertaigt

motivated the NIST TSI Workshop in 2005 where representatives from four different sensor teams
presented their uncertainty budgets, and this led to the adoption of the recommendation to perform
ground based, system level calibrations and characterizatity LASP/TRF, which has demonstrated

that scattering was causing a bias in the ACRHIelsults. As proposed, this effort should be repeated for
ACRIM 2 and ACRIM 1 ground based units. The proposed definition of the core data products needs to
include theabsolute uncertainty according to Sl traceability. There are potential collaborations among
the TSI teams as demonstrated through the recent grebased comparisons.

2].Res. NIST, 113, 187 - 203.
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Relevance to NASA Science Goals: Very Good

Accurate knowledge of TSI contributesNASA’ s sci ence goals because t
all the energy that drives the Earth’s climate.
lacking a continuous TSI record has been the source of significant scientific effortrawrayersy, with
fundamental disagreements on the lotgrm behavior of the Sun. Steps to ensure the overlap between
current and subsequent instruments is important especially with the concerns about the SORCE lifetime.
The benefit is that ACRIM 3 is howrerted for biases and making routine measurements with high
probability of continued operation, and with project continuation ACRIM 2 and ACRIM 1 will also have
correction factors. The weakness is the uncertainty associated with operating an instrunyemickies

design lifetime. Closeut and finalization of the data set at this point in time would introduce risk to the

TSI time series because of the uncertainty that SORCE/TIM will continue to function, and it is not
possible to predict future failure mas for either mission.

Strengths:

The production, analysis, and interpretation of the ACRIM3 TSI data set directly supports ESD missions,
analysis, and modeling studies that utilize TSI observation. Understanding the sources of TSI variability
isimportant to being able to fill data gaps and predict or estimate future TSI based on limited image
data (Ca Il K or sunspots, etc.).

Weaknesses:

Some of the science topics do not appear to directly support Earth Science Goals (CMSS impact of TSI)
but this is a minor part of the proposed study. As with SORCE, ESD should provide an opportunity for
other member of the community to compete for Data Analysis Funding that utilizes or examines the
ACRIMSAT/ACRIM3 data set. This last point is not a weakrlespioposed study.

Technical Panel
The mission is rated mediutow risk, and the costs seem reasonable; please refer to these reports.
National Interests Panel

The national needs was rated “ Some, again pl ea
Other Commats:

Although the ACRIM group is small the proposal could have provided additional descriptive text. For
example, Section 1.2 (The Scientific Merit) could have contained additional discussion about the details
of the Science Objectives, History, and Réédatomplishments rather than a simple listing.
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Aqua

Recommendation: Continuation of projects as currently baselined

Aqua is an extremely successful mission. The panel recommends continuation of the mission as
currently baselined. This missionispredung a very | arge number of cr
Earth Science mission objectives both from the perspective of creating climate data records necessary to
evaluate climate change and from the perspective of products needed to better unddrstan

fundamental Earth science processes. The impressive list of core science products is very mature and
stable. The reasons for extending the Aqua mission are to allow current scientific and applied benefits to
continue, increase the value of the Aqua dadaclimate studies through increasing the length of the

Aqua data sets, allow continued data overlap with NPP and G@Mnd potential future data

overlap with OC& (NPP, GCOMW1 and OC& carry instruments intended to extend many of the

Aqua data recats), and continue to provide valuable auxiliary data for othdiréin satellite missions.

Of the several instruments on Aqua, MODIS and AIRS are making extremely unique and popular
measurements for science and operational applications. The continuibesétdata products is highly
desirable for the scientific community and the broader user community. As long as one of these two
instruments is in good health (currently both are), the panel feels that the Aqua mission should be
extended.

Aqua makes a wide array of measurements that have made significant contributions to quantifying the
state of the Earth system and predicting future climate change. The contributions of the Aqua mission
and the importance of Aqua data products can be regailiistrated by the following publication and

data usage statistics: In each of the past two years, there have been over 1,000 Aqua science
publications and over 20,000 citations to papers incorporating Aqua data. Annually, over 1,600
terabytes of Aqua da have been distributed to over 39,000 users. Complementing the importance of
the Aqua mission to the science community is its comparable importance for a large variety of practical
applications. Aqua data have been extensively used by many governmgataiies (e.g., NOAA, USDA,
EPA, FAA, DoD, U.S. Forest Service, U. S. Coast Guard, etc.) for a large variety of practical/operational
applications. The National l-ht ghest sl Pagél mnatde
mission #1 among #13 missions under this Senior Review. Additionally, Aqua is a member of the A
Train constellation of satellites; it provides valuable data for oth@r&in missions for parameter

retrievals and data synergy.

The Aqua satellite was launched in May 20&2d completed its prime mission in September 2008.
Although it is now 5 years into its extended mission, the spacecraft and most of itsobagtving
instruments are still healthy and operating. There are six Eagerving instruments on Aqua prowvidi
unprecedented information about the Earth system. Currently, three of six instrumehiiRS, CERES

and MODIS-are in excellent health. AMSU is in good health with 12 of the 15 channels operating
normally. The HSB ceased operations early in the miskiowever, there was enough overlap with
AIRS/AMSU that HSB failure had no impact on core data. The most significant change in
instrumentation since the past Senior Review is the cessation of science data collection frorREAMSR
which suffered a major amoaly and ended its science data collection in October 2011. Since December
2012, AMSHE is operating again with a low rate of antenna rotation (2 rpm), allowing the instrument to
provide important data for crossalibration with the AMSR instrumenton JK A’ s -@TCdatbllite
launched in May 2012 (GCGWML is also in the #rain constellation). The spacecraft bus is in excellent
health, and the satellite has adequate fuel to operate through 2022.
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Scientific meritsExcellent

The Aqua scienceeffat have a strong focus on NASA' s strat ¢
to meet the challenges of <c¢limate and environme
guestion of “How is the Earth changitrhd "andewlsati

objectives of the Aqua mission are as follows: (1) to advance the understanding of the factors that
control the global water and energy cycles; (2) to assess natural and anthropogenic climate forcings
(especially by greenhouse gases artbaols), climate variations, and feedbacks; (3) to examine the
processes involved in atmosphere surface interactions; (4) to address issues related to diurnal cycles in
cloud properties and to indirect effects of aerosols on clouds; (5) to produce agraméel climate data
record for detecting decadal changes in the Earth's radiation budget from the surface to the top of the
atmosphere; (6) to improve the understanding of soil wetness retrieval methodologies in preparation
for future soil moisture satetk missions; (7) to contribute to improved operational weather prediction
and other practical uses of Earth science data; (8) to increase understanding of the carbon cycle by
monitoring atmospheric CQvith AIRS, along with terrestrial and marine ecosystems with MODIS; and
(9) to facilitate a wide range of future Earth science advances through: extending the records of the
climate variables generated as core data products from the Aqua mission, cainigi®gua data and
expertise to process studies involving th@rain and/or field programs, contributing Aqua data and
expertise in examining natural and humanfluenced phenomena such as the solar cycle, major
atmospheric oscillations, volcanic eruptgrand accelerated ice sheet changes, and bridging the gap
between heritage sensors and future satellite missions.

Strengths:

The Agua mission has been extremely successful in addressing its scientific objectives as listed above.
Aqua data are widely usddr scientific research and the publications and data distribution have been
consistently increasing since the start of the
broadly distributed in many disciplines of Earth sciences. In the folipuhese contributions are
grouped according to the following six NASA's S
carbon cycle and ecosystems, water and energy cycle, climate variability and change, and Earth surface
and interior. Research higphtsduring the past two year these areas are listed below:

Atmospheric CompositionAmong the noted strengths of the full Aqua data set is the considerable
information provided about atmospheric constituents, in particular the information provided b
AIRS/AMSU and MODIS regarding aerosols and the following trace gases: water vapor (520, CO
CH, G;, and S@ In the past two years, analysis of AIR$ da@a revealed the connections of AIRS
tropospheric Cewith the Tropical Biennial Oscillati@amd with the changing of Walker Circulations; in

situ and aircrafbased studies confirmed the Southern Hemisphere midlatitude AIRB&lirst found

by AIRS/AMSU data; implemented and tested MODIS Collection 6 aerosol optical depth (AOD) product
that incorporated many new features over Collection 5: (1) an increase in the valid solar zenith angle to
84, allowing coverage to high latitudes, (2) inclusion of wind speed dependence to retrieve aerosol
properties over ocean, “(dBeepmeblgue’y adr ddalr kr 4 tarr
the global availability of AOD over deserts and land regions, and (4) introduction of-biied

resolution 3km AOD product of interest to air quality and urban communities.

Weather:Aqua data fromAIRS/AMSU, AMSR and MODIS have proven valuable both to weather
forecasting and to enhanced weather understandi
weather forecasts of assimilating AIRS and IASI data to be roughly comparable and seconchenly to t
collective impact of assimilating four AMSU units. In several studies of the past two years, Aqua data
have been used to understand the interactions of moisture and dust with hurricane development; to
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study deep convections and Arctic inversions; td teedel forecast of cloud parameters; to
characterize Maddefulian Oscillation; to study gravity waves and their effects on regional and global
circulations; to derive a global climatology of large hail events; and to study diurnal characteristics of
rain.

Carbon Cycle and Ecosystenvajor contributions to examining the carbon cycle and ecosystems are
being facilitated by the use of Aqua data. AIRS data have been used to estimate surface carbon fluxes.
For building longerm time series of ocean color t#afor climate change studies, Aqua MODIS data are
being used to extend the continuous record of ocean color measurements that began in late 1997 with
data from SeaWiFS, which operated until December 2010. Aqua MODIS has been considered highly
accurate andhe standard for comparison for other ocean color sensors. Publications showed that Aqua
MODIS ocean color and sea surface temperature measurements continue to provide the foundation for

research and modeling of phytoplankton, the carbon cycle,andecosy®m dy nami ¢cs i n t he

oceans; MODIS is the only sensor currently in orbit with the capability to measure natural fluorescence
of chlorophyll, which is providing critical new insights on the physiological response of phytoplankton to
environmental coditions. The next sensor that measures natural fluorescence will not be available until
Sentinel. So keeping Aqua MODIS around is important for data continuity. Additionally it is desired to
have MODIS overlap with Sentinel.

Water and Energy CycM/hen AMSRE was still fully operational, Aqua data were providing information
about almost all major aspects of the water cycle, including water vapor, precipitation, cloud liquid
water, snow cover, and sea ice. Aqua data are providing considerable informatiahthb energy

cycle, with CERES data products in particular providing information about the radiation budget at the
top of the atmosphere, within the atmosphere,
conducted in the category during thegt two years (at least partially) using Aqua data, including
estimation of surface evaporation and precipitation lead to closure of the atmospheric hydrological
cycle both regionally and globally, characterization of cloud properties and its radiatdotseBtudies

on snowpack, surface hydrology and sea ice coverage, using observations from CERE®Biand
measurements of ocean heat content change to calculate a 0.5 WWibalance in net radiation at TOA
during the past decade, and arevisionofoardler st andi ng of the Earth’s
through synergistic use of observations from CERES, MODIS, CALIPSO and CloudSat.

Climate Variability and Chang®/hile Aqua has not been on orbit long enough to generate
climatological longerm datasetsy itself, the Aqua data are extending earlier datasets and are
providing details on atmospheric state, clouds and radiation variations that are helping to improve both
the understanding of and the ability to model climate variability and change. Amony aiatudies
conducted in the past two years, the following are some of the examples: Small variations in
temperature over the Nifio 3.4 region detected by AIRS data are attributed to changes in solar output
during the declining phase of solar activity; @as using AIRS data showed that tropical upper
tropospheric water vapor distributions are different depending on whether the QBO and the ENSO are
in phase or out of phase, thereby suggesting a connection between stratospheric dynamics and
tropospheric vaiability; AIRS data have been used to help develop and evaluate model
parameterizations and model results, and it is found that climate models systematically underestimate
thermodynamic variance at small scales; AMES&ong with other satellite data setstablished a global
drying trend in soil moisture since 1988; Among the largest natural variations in the climate system, the
El Nifio and La Nifia, are clearly seen in global area averageadlier SST and total integrated water
vapor data from AMSE,with cool ocean surface conditions and a less humid maritime atmosphere
typically associated with La Nifia, and warmer, more humid conditions with El Nifio; Compared to
analysis using CERES dalixclimate models participating in CMIP5 project overestinthgemagnitude
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of both the shortwave and longwave radiative effects of clouds. The models produce overly bright but
too few lowlevel clouds, and they overestimate rd&l/el and higHevel clouds. Using a decade of
CERES observations, it is found thatevttie Northern Hemisphere reflects more solar radiation than
the Southern Hemisphere under clofi@e conditions owing to the asymmetric distribution of

continents and aerosols between the hemispheres, the Earth exhibitspeséect symmetry in
planetaryalbedo between the hemispheres for-aky conditions; Analyzing AIRS and CERES
observations together with climate model simulation results has revealed a coherent pattern between
mid-tropospheric relative humidity (RH) and albedo variations. The resdingores the utility of RH in
diagnosing clouds, which are the main reason for albedo variability and uncertainty in-predalted
climate sensitivity.

Earth Surface and Interiokqua dat a reveal information about t
information provided about volcanic emissions by AIRS/AMSU and MODIS infrared data and about
ongoing volcanic activity by MODIS thermal data. Aqua data additionally reveal considerable
information about the Earth’s s8T),S%Tls 6eaicdandldndi di n
ice coverage, and vegetation.

Weaknesses:
None.

Value of data record and overall data continuity:

Aqua data have been extremely valuable both to progressing scientific research and to meeting national
needs for operational seiees. The extension of the Aqua mission will allow current scientific and

applied benefits to continue. Aqua measurements provide many core data products needed for climate
research, such as atmospheric state and composition, cloud properties, radiaties,fsurface

properties, and snow and ice coverage, etc. Extending Aqua data length of these variables has great
value to climate studies. An extended mission will allow continued data overlap with NPP and GCOM
W1, and potential future data overlap withC2. NPP, GCOMW1 and OCQ carry instruments

intended to extend many of the Aqua data records. To study climate trends when using data from
multiple satellites, cross calibration by overlapping observations of consecutive sensors is extremely
important. Additionally, the Aqua Mission has been providing valuable data to otfieni#y missions for
product retrievals and data synergy. The extension of the Aqua Mission will continue to provide valuable
auxiliary data for other A'rain satellite missions.

Core mission data product quality and maturityExcellent

There are four science teams for the Aqua mission: AIRS/AMSU/HSB Science Teain StidGée

Team, CERES Science Team and MODIS Science Team. Data products are produced and validated
separately by edtindividual science team. Overall these products are well validated and have reached
high maturity. Specific information for data product quality and maturity from each of the four teams is
given below:

AIRS/AMSU/HSB Data Produdtse Level 1 (qualityontrolled radiances) algorithm maturity is very

high. Level 1B products have been validated and exceed stability and accuracy requirements. Level 2
product maturity and validation status varies depending on the product: atmospheric temperature and
moistwr e products at maturity |l evel of *“Validated
and the uncertainties in the product well established via independent measurements in a systematic

and statistically robust way representing global conditioagjiospheric minor constituents products

mostly (03, CO, CH4,ntidr opospheric CO2) at “Validated St ag:¢
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widely distributed set of locations and time periods via several greuwnth and validation efforts), and
cloudamd surface products mostly at “Validated St a
products that have been spatially and temporally binned and quabtytrol filtered to provide compact
statistical summaries. The Level 3 algorithm maturity vadepending on product, from mature to
provisional.

AMSRE Data Product®AMSRE is a JAXgrovided sensor with its instrument operations under the

control and funding of JAXA. Science data products include columnar cloud water over ocean, columnar
water vapor over ocean, SST, sea surface wind speed, rainfall, sea ice concentration, sea ice drift, snow
water equivalent and snow depth, and soil moisture. All products are in mature stage. SinccEAMSR

now only operates with 2 rpm antenna rotation, its data fois Senior Review period will be mainly

used for crosgalibration with the AMSR of GCOMN1.

CERES Data Product&RES is aiRstrument with its instrument operations and data retrievals all

funded by this Senior Review. The Aqua and Terra missiare the same CERES science team. There

are 10 CERES data products; all have been substantially validated and are in mature stage. The current
version of the CERES data is Edition 3, with the two exceptions of CRS (clouds and radiative swath) and
FSW (ronthly gridded radiative fluxes and clouds), which are Edition 2.

MODIS Data Product§he Aqua and Terra missions share the same MODIS science team. There are 23
core products from MODIS (and a number of other products); all the core products have been
substantially validated over a widely distributed set of locations, conditions, and time periods via several
ground truth and validation efforts. Level 1 (sensor radiance, calibration and geolocation) products are
in Validated Stage 3. MODIS atmospheric piisl (aerosol, temperature, moisture, clouds) are in
Validated Stage 2; MODIS land surface products (temperature, emissivity, reflectance, land cover,
vegetation index, etc.) are mostly in Validated stage 2 except for evapotranspiration and
implementationof atmospheric correction, which are in provisional/beta stage; MODIS cryosphere
products are Stage 2 for snow cover and sea ice extent, and Stage 1 for snow albedo and ice surface
temperature; MODIS ocean products (temperature, color, chlorophyll,; e@jor products such as

SST, ocean color and ssitrface chlorophya, diffuse attenuation at 490 nm, aerosol optical thickness
(for ocean color atmaospheric correction), and aerosol Angstrom exponent are in either Validated Stage 3
or 2, while MODIS pddulate organic carbon and inorganic carbon are in Validate Stage 1, fluorescence
line height, and instantaneous/daily photosynthetically available radiation are in provisional stage
(sufficient for use by the general research community).

Relevanced® NASA Science Goalsxcellent

The Agua measurements are helping scientists to quantify the state of the Earth system, validate climate
models, and address such key questions as: How is the net radiation at the top of the atmosphere
changing? What are the roles of greenhouse gasessa&soclouds, and sea ice in the climate system

and climate change? Is the water cycle accelerating? All of these are central issues in addressing the
following “fundament al guestion’ i d 8aehce Plane d i n
(NAS2010): “How is the Earth changing and what a

TechnicaPanel

Currently, three of six Aqua instrumertdlIRS, CERES and MOEdf in excellent health. AMSU is in
good health with 12 of the 15 channels operating normaIMSRE is operating under the mode only
for providing cross calibration data for AM3RAt least one year overlap of AMSRand AMSR for
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cross calibration is highly desirable. A close coordination between (JAXA)2PMM8RNASA) AMSR
teams is neededlhe spacecraft bus is in excellent health, and the satellite has adequate fuel to operate
through 2022.

The Technical Review Panel evaluated the Aqua m
concur with the Technical Panel report.

National Interests Panel

The Aqua mission is addressing numerous important national objectivesemtea applications, with
considerable practical benefits to the nation and to society, in the areas of weather forecasting, air
guality, natural disaster (such as volcanoes, fires, floods, tropical cyclones/hurricanes/typhoons)
monitoring and evaluatiorand support of major human activities (agriculture, aviation, coastal
management, energy management, military operations, oil slick monitoring and shipping). Direct
broadcast capability facilitates many reahe or near reatime applications. MODIS prodis are

heavily used by numerous agencies, including: NOAA, USDA, EPA, FAA, DoD, U.S. Forest Service, U. S.
Coast Guard. In the area of weather forecasting, AIRS radiance data are assimilated routinely at virtually
all operational weather prediction centearound the world; A study by The European Center for
Medium-Range Weather Forecasts (ECMWF) showed the impact on weather forecasts of assimilating
AIRS and IASI data to be roughly comparable and second only to the collective impact of assimilating
four AMSU units.

The National I nterests -tPiaghke | utrialtietdy "A,guan ¢ rroadrulced
#1 among the 13 missions under this Senior Review. The Science Panel reviewers concur with the
National Interest Panel report.

Other Commens:

The proposal is generally well written. A minor critique is that the science highlight section could have
been better organized to focus on the most important science accomplishments.

Aqua products, with MODIS products in particular, are used extepsivatany different fields by users
with different levels of experience in handling satellite data. As such, the demand is very high for a well
organized repository of documentation on the availability, applicability, limitation and uncertainty of
these daa products. While the panel recognizes that the Aqua mission is making efforts in meeting this
demand by updating websites, the parsélonglyrecommends that the Aqua mission appoints a
designated person (within the baselined budget) to work on thississu
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Aura

Recommendation:Continuation of mission as currently baselined

This is an excellent mission and proposal. The Aura mission is aimed at atmospheric composition
measurements related to the stratospheric ozone layer, tropospheric chemistry and climate change.
These topics are central to core NASA research objectivesscldmtific output from Aura is substantial,

with over 450 publications since the 2011 Senior Review. The Aura MLS, OMI and TES instruments are
showing signs of aging, but are still produdiigh-quality sciencedata, and there isa goodchance of
extending measurements beyond the current proposal cycle. The data are highly utilized in the research
and operational communities. There is excellent science justification for continuing the mission.

Scientific merits:Excellent

The scientific output frondura has been impressive, with over 1100 journal publications and 450 since
the last review. There is a large and active scientific community utilizing the Aura data. With regards to
developing and utilizing data products related to tropospheric chemasid/climate, Aura has

continued to make important strides since the 2011 Senior Review.

New activities and results from the 2011 proposal:

Several new products resulting from combimatiof Aura and ATrain sensors including: Retrievals of
nearsurfaceozone from combined OMI+TEZ Tropospheric CO profiles from combined MLS+TES
retrievals 3)OMI/MODIS cloud parameter dataseind 4)improved OMI UV aerosol product (using
CALIOP and MODIS)

Additional specietclude 1) New TES products: tropospheniethanol and formic acid (markers for
biologic activity), PAN (organic reactive nitrogen) and;@6&2)New validated MLS retrievals of
methyl chloride

Improved productsnclude 1) TES VOO5 retrievals with improved vertical resolyt@y©MI general
reprocessing (r educ3IidprdavédOMieNPanad SRdetrievald (cosigientiKigMI )
and NASA results); 8)LS BrO, HO2 and HOCI imprgv&dmproved MLS nearal time products
(ozone, H20, CO, HNO3 and S0O2); aML&) V4 retrievalsmprovements near thick clouds

Primary science objectives for this proposal include:

1) Extending the record of key tropospheric and stratospheric constituent observations. Understanding
atmospheric variability and changes in response to emissions andtelis greatly enhanced by
long and continuous satellite records, and the Aura measurements (almost nine years long) become
increasingly valuable as the data record increases. Because of the loss of the European Envisat
satellite, many of the Aura capdities are unique for the present and near future;

2) Contribution to airborne missions. Aura will provide unique satellite measurements in support of
several ongoing and planned aircraft campaifidsSCOVERQ, ATTREX, SEAC4RYS);

3) Contributions to opeational and hazard products;

4) Diagnosing and evaluating air quality and chemistiynate models. Aura provides key
observational data for ongoing ACCMIP, CMIP5 and CCMI chediiistaye model evaluations; and

5) Several new data products and improved retdaés will become available as evaluation of Aura
measurements continues to mature.
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Strengths:

1)

2)
3)

4)

5)

6)

The mission has been highly successful and scientifically fruitful, providing a novel record of
tropospheric and stratospheric composition for almost nine years;

Data retrievals continue to improve in terms of quality, vertical resolution and additional species;

Aura team has made strong efforts to generate synergistic products by combining different Aura and
A-Train measurements;

Aura spacecraft appears to be higd with high probability of lasting through the proposal period.
The MLS, OMI and TES instruments are still producing high quality science data, with a reasonably
high probability of lasting through this funding cycle;

Nearreal time (NRT) usage of Auratd has increased dramatically. OMI NRT measurements are
used in aviation safety, UV index forecasting and air quality applications. Many of the Aura products
are used within the European MAdI(roject for assimilation, validation and forecasting; and

Srong likelihood of continued synergies between Aura and other instruments, including: MLS +
CALIOP and CloudSat, OMI + MODIS, TES-2 @G®T4), plus SAGE lIl (2014) and TROPOMI (2015).

Weaknesses:

1)

2)

3)

The TES Interferometer Control System (ICS) stalleddamber 2011 (to April 2012). Operations
resumed after this time, but the TES team has devised a new observational strategy to optimize
remaining instrument lifetime and minimize likelihood of another ICS stall. The global survey mode
for TES is no longéeasible and future TES observations will focus on targeted observations
including: a) validation of new products, b) megacity emissions and pollution, ¢) campaign support
and d) the time record of pollution over Asia. These focus areas are evaludtethgsa good use of

the reduced TES capabilities;

External Dblockage on the OMI instrumentb5%as pr

of the OMI swath. Global coverage is still available over 2 days. No correction has been applied to
the affeced measurements, but they are monitored and clearly documented in the data files. There
is increased pixel degradation from radiation damage, with some-tliependent biases in gases

with small radiance signals (such as HCHO). The remaining OMI measwréexehtding the row
anomaly) still provide high resolution global coverage in 2 days; and

Upper stratospherie-mesospheric OH measurements from MLS are currently limited due to

lifetime of the 2.5 THz laser; data are being taken during August of eackoye®nitor trends and

solar cycle variability. Also, MLS upper stratosphere HCl measurements have been deactivated to
conserve remaining lifetime (estimated only a handful of days).

Value of data record and overall data continuity:

The Aura data record unique for many species. Long continuous records are especially valuable for
guantifying and understanding atmospheric response to changing emissions and climate, and evaluating
complex chemistrclimate models. Aura data are even more valuable gitierioss of the European

Envisat satellite in 2012. Continuing the Aura measurements should be a top priority.

Because of continuing improvements and novel additions in Aura data products, continuation of annual
Aura Science Team meetings should be arityito enhance and support the broad user community.
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Core mission data product quality and maturitfxcellent.

Strengths:

1) The Aura team has done an excellent job of continually improving data products and making mature
data available to the userommunity in a timely fashion;

2) The team has placed an appropriate emphasis on the validation of data products; and

3) The team has gone beyond the original plans and produced numerous additional data products.
Good progress has been made in combining measargs from different instruments, aiming to
increase the vertical resolution and nesuirface sensitivity. These include nsarface ozone from
TES+OMI and CO profiles from combined MLS+TES data.

Weaknesses:

1) The global survey mode of TES is no longeitadta, in order to optimize instrument lifetime.

Relevance to NASA Science Godiscellent

Aura is unique in terms of providing comprehensive atmospheric composition measurements, and
contributes to all facets of characterizing, understanding and ipted) Earth System changes. The Aura
measurements underpin research in five of the six NASA SMD focus areas: atmospheric composition,
weather, carbon cycle, water and energy cycles, and climate variability and change.

Technical Panel:

The Aura mission is evaluated as Medikingh risk. Most spacecratft flight systems are operating
nominally with redundancy, and are expected to continue to perform very well through the proposed
mission extension period. The primary issues with the indalithstruments were brought up directly in
the questions to the Aura team, and were adequately addressed in their presentation. Critical
components for most of the MLS instrument are expected to have a remaining lifetim&@y&ars.

The potential for gnificantly degraded operation or loss of theopospheric Emission Spectrometer
(TES) instrumerduring the proposed tweyear mission extension period is high. The operational budget
status of the four lifdimited items on the OMI instrument is goodh addition, the OMI instrument
benefits greatly from support from KNNNetherlands) and FMI (Finland) and théssion has made
excellent use of NASA ROSES proposal calls to augment funding.

National Interests Panel:

Aura was given an overall missi@ting of High Utilityoy the National Interests Panel. See the panel
report for detailed discussions.

Other Comments:

The Aura team is complemented for a well written and compelling proposal.
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CALIPSO

Recommendation: Continuation of project as curréntaselined

The CALIPSO spacecratt flies in formation with 5 other satellites in the lafgamAconstellation, and
consists of three instruments:

(1) A dual wavelength, polarization sensitive (532 nm and 1064 nm) laser (the-&doasbl Lidar with
Orthogpnal Polarization, CALIOP);

(2) A threewavelength infrared radiometer (the Imaging Infrared Radiometer, 1IR); and
(3) A single visible wavelength imager (the Wide FaglYiew Camera, WFC).

The CALIPSO mission was proposed specifically to address and reduceé uméent i es i n t he
dimensional distribution and properties of aerosol and clouds. In particular, CALIPSO is tasked with
providing:

(1) Global estimates of aerosol direct radiative forcing;

(2) Improved assessments of the aerosol indirect radiativeifigrof climate;

(3) Improvements in estimates of the surface and atmospheric radiation budget; and
(4) Assessments of clouddiation feedback mechanisms.

The review panel strongly recommends that the mission should be continued as baselined. CALIPSO
provides aunique set of data products that are not currently available from any other platform. In
addition, synergistic use of CALIPSO, CloudSat, MODIS, and CERES observations has led to the
development of robust combined aerosol, cloud, and radiative heatingmatducts. Continuation of

the mission will allow extension of the data record of these products as well as enable critical overlap
with soonto-be launched cloud/aerosol (e.g., EarthCARE) and stratosphere (e.g., SAGE Ill) missions.
Data products are maturavell validated, and widely used by the scientific community. The science
team has been responsive to the recommendations of the 2011 panel, having:

(1) resolved discrepancies between CALIPSO and MODIS cloud optical depth;
(2) produced a global gridded aerosolrtieal profile product; and
(3) begun production of a near real time L1.5 attenuated lidar backscatter product.

The technical review panel rated the mission extension as Medium risk of failure in the next two years,
with increased risk after. The Proteus speredt is functioning well and all subsystems are functioning.

The two passive instruments (IIR and WFC) are performing well, but there is a slow leak in the pressure
canister of the laser subsystem. This leak was anticipatedaprech. Te laser should & until

somdime in 2017, but the technical team notes that diode bar array lasers can be unpredictable and
may exhibit sudden transitions to more rapid pressure decreases.

Scientific merits: Excellent

Strengths:

In the past two years, the CALIPSO mishas produced an impressive number of fundamental
scientific advances. These include new estimates of the surface longwave energy balance that have led
to a significant revision of lorgtanding surface energy budget numbers. In addition, CALIPSOatata h
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led to improvements in the understanding of cleadrosol direct and indirect interactions. Combined
CloudSat and CALIPSO data is being used to explore the interaction between clouds and atmospheric
dynamics through via the production of a more accura®ospheric heating profile dataset. Near real
time CALIPSO data is being assimilated into an increasing number of operational numerical weather
prediction systems.

Weaknesses:
None

Value of data record and overall data continuity:

Since June 2006, CA&(P has provided unique observations of the three dimensional distribution of
aerosols and optically thin clouds. Extension of this dataset is important for improved understanding of
aerosol radiative forcing and clowkrosol interactions both regionallynd globally. Extension of the
CALIPSO data record is critical for continued production of a growing number of scientifically important
multisensor ATrain datasets. Extending the CALIPSO mission bridges the gap to three different follow
on missions: Clouderosol Transport System lidar, the Atmospheric Dynamics Mission, and EarthCARE,
as well as with OG@. CALIPSO is the only current mission capable of monitoring the stratospheric
aerosol layer, and continuation will provide critical overlap with the upoon$AGE 11l mission (2015).

Core mission data product quality and maturity: Excellent.

CALIPSO data products are mature and stable. Version 3 represented a significant improvement in
accuracy over version 2 data. Version 4 is scheduled for releatiagia June 2013. Quality of the data
products since the release of version 3 has been consistently high. Since the 2011 review, a new Level 3
gridded 3D global monthly aerosol product has been released to the community. This dataset is the first
ofitski nd. The science team now also provides an
centers with sufficiently low latency to allow for assimilation of CALIPSO data into numerical forecast
systems.

Data from CALIPSO has been very successfullyicednwith other ATrain measurements, specifically
CloudSat and MODIS, to provide global tha@®ensional radiative heating estimates and three
dimensional profiles of liquid and ice water content.

The CALIPSO team has conducted extensive validatioitiastsince the 2011 review. These include
112 undeftflights with the LaRC HSRL, multiple field campaigns, and comparison of cirrus cloud
properties with airborne and groundased lidars. A previously reported factor of two disagreement
between CALIPSO aMDDIS optical depth has been resolved.

There are stripes in the IIR data over homogeneous scenes. This isstdondigg issue that is being
addressed by CNES. The science team reports that development of a solution is possible, but contingent
on availdle funding from CNES following the recommendations of the French REDEM review panel.

Relevance to NASA Science Goals: Excellent

Strengths:

The CALIPSO mission addresses NASA science goals in the areas of Atmospheric Composition, Climate
Variability andChange, Water and Energy Cycle, and Weather. Specifically, since 2011, the CALIPSO
mission has made the following contributions:
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Atmospheric Composition

1 CALIPSO monitors changes to the global 3D distribution of aerosol, identifies aerosol types relevant
to climate change, and observes aerosols in previously unobserved regions. CALIPSO is also the mos
successful tool available for observing global distributions of volcanic aerosol

T CALI PSO provides insight i nt o budget. Inaddtiom,che of a
combination of CALIPSO, OMI, and MODIS is being used to examine aerosol optical properties above
clouds.

1 CALIPSO measurements are being used to assess the effects of aerosol emissions on local
ecosystems, air quality and weathertgans.

Climate Variability and Change

9 Cloud vertical profiles from CALIPSO and CloudSat, in combination with altimeesional
estimate of radiative heating, provide the first reliable estimate of the coupling of clouds, radiation,
and atmospheric dymaics.

1 CALIPSO profiles are proving to be critical in the evaluation of climate models and their cloud and
aerosol parameterizations.

Water and Energy Cycle

1 In combination with CloudSat, MODIS, and CERES, CALIPSO is providing improved estimates of the
surface radiation budget.

T CALI PSSO’ s observations of aerosol profiles belt
effect of aerosols on cloud brightness, water content, and precipitation.
Weather

1 As weather forecast models begin to produce prediasi of air quality, CALIPSO data are being used
for model evaluation and increasingly also being assimilated to improve forecast initial conditions.

9 CALIPSO data are also being used to evaluate (and by extension improve) the parameterization of
clouds in veather prediction models as well as the height assignment of assimilated-tkeld
winds.

Weaknesses:

None

TechnicaPanel

The technical review panel rated the mission extension as Medium risk of failure in the next two years,
with increased risk afterThe Proteus spacecratft is functioning well and all subsystems are functioning.
The two passive instruments (IIR and WFC) are performing well, but there is a slow leak in the pressure
canister of the laser subsystem. This leak was anticipatedaprech.The laser should last until some

time in 2017, but the technical team notes that diode bar array lasers can be unpredictable and may
exhibit sudden transitions to more rapid pressure decreases. The science pangisowith the

assessment of theechnicd panel evaluation.
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National Interests Panel:

CALIPSO received a high overall rating from the agencies that make use of the data, but scored relatively
low compared with other missions'{&f 13) primarily due to the fact that over 1/3 of the agencies

polled make no use of CALIPSO data. Several agencies note that, even though an expedited dataset is
now routinely produced, data latency is still an issue. This was primarily an issue fati@mar

decisionmakers (e.g., FAA), many of whom require data delivery within an hour of observation. Many

also note that it would be helpful if the data were provided in different formats (e.g., geotiff). The panel
suggests development of referencedatat s ( “ gol den granul es”) and as
encourage broader use of CALIPSO in the science and applications community. The science panel
concurs with the assessment of the National Interest panel evaluation.

Other Comments:

This was a&ery comprehensive and well organized proposal. The few areas that required clarification
were addressed to our satisfaction during thepiarson discussion with the science team. The science
team is to be commended in particular for addressing all ofciiiecerns raised by the 2011 senior
review panel.

The 2013 review panel recommends the following actions for the coming two years:

(1) Itis anticipated that the new level 3 global gridded aerosol profile dataset will be widely used by the
community. It will bamportant to conduct an ongoing assessment of the uncertainties in this
dataset and to monitor its utility for regional climate and process studies and model evaluation;

(2) Itis expected that synergy with otherBain sensors and the production of joinogiucts will
continue. Specifically, we look for continued research progress based on the C3M, DARDAR, and
combined CloudSatALIPSO products in the CloudSat data stream;

(3) The laser canister pressure leak and possibility of dlmatebased degradation of tHaser signal will
require close monitoring. Performance of the CALIOP laser at low pressure levels is currently
unknown and will become an issue in the next four years (perhaps two if the pace of degradation
increases). The technical panel is skepticat thorkarounds to increase laser signal to noise will be
successful, and feels that reactivation of the primary laser system (deactivated in 2009) will likely
also prove to be unsuccessful;

(4) The panel recommends increased outreach to agencies (identifiglaeyational Interests Panel)
that do not currently make use of CALIPSO data, but for whom the data would likely prove to be of
high wutility. The selection of “golden granul
useful in this regard,

(5) Thescience team has conducted a significant number of validation exercises including more than
100 underflights with high spectral resolution lidar. Even so, the science and operational user
community continues to encounter difficulty understanding when dlaga is scientifically reliable.
Devel opment of additional wuser tutorials, cen
strongly recommended; and

(6) Consistent with the recommendations made in (4) and (5) above, we recommend development of a
keyword searchable database of publications, documents, and current user groups for the purpose
of assisting new users in the appropriate use of the various data products.
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JoudSat

Recommendation: Continuation of projects as currently baselined.

CloudSat arries a single instrumenta w-band (94 GHz or 3 mm) cloud profiling radar (CPR) that is
sensitive to both cloud and precipitatiesize particles. It provides the science community it first

global survey of the verticarecipitationstructure ofclouds The vertical dimension of cloud is

particularly novel information, considering that decades of satellite observations in the past since 1960s
have only looked at cloudwrizontally This novel observation from CloudSat has spurred a range of

new research including critical evaluation of global model representation of clouds and new insights into
cloud and precipitation processes. CloudSat is also a member of Thai\constellation. Synergistic

use of CloudSat and otherain measurements (e,gCALIPSO, MODIS, AMBRave enabled new

science in the area of aerosdbud-precipitation interactions.

Continuing the CloudSat mission carries a number of benefits: 1) allowing for new science in the context
of weather and climate variability and alsnabling new products, 2) uninterrupted applications to

aviation and weather forecasting, 3) improved understanding of seasonal and interannual variations in
cloud behavior, 4) enhanced data for evaluating model behavior, and 5) providing calibratiotufer
missions such as EarthCARE (2016) and GPM (2014). There is also strong synergy with the f2ture OCO
mission as the oxygen#and from OC& provides complementary information on clouds.

In summary, the panel recommends that CloudSat mission beéncea as currently baselined.

Scientific merits: Excellent

The CloudSat mission is motivated by the need to better represent cloud processes in global predictive
models. The science objectives include:

1) Evaluating GCM cloud parameterizations;

2) Understanding the relationship between the vertical profiles of cloud water content and the
radiative heating, as well as the largeale atmospheric circulation;

3) Evaluating cloud properties retrieved from other satellite systems, especially passive Sysigm
Aqua, and quantifying relationships with satellite precipitation measurements; and

4) Improving our understanding of the indirect effect of aerosols on clouds.
For the proposed extended mission (beyond 2013), all four areas will be continued amttedha
Accomplishments of the past two years include:

Influencing IPCC assessmeéwtimerous recent publications have made use of CloudSat data to assess
cloud feedback and aerosol indirect effects in IPCC model simulations. One of the most profound
revisions of the current IPCC assessment is the revised estimate of aerosol indirect radiative forcing;

Characterizing the moist processes of cloud systems and stbfngerstanding the underlying physical
processes is a necessary step to improving represiemtatf clouds in models. To this end, researchers
have used CloudSat data, in conjunction with oth€lfrAin measurements, to study tropical deep
convective processes, extteopical frontal cloud processes, and low cloud microphysics;
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Evaluating moist pysical processes in modefSver the past two years, research has been focused on
evaluating warm rain processes (e.g., onset of precipitation), MJO convection and entrainment
processes, and storm track dynamics;

Evaluating cloud climatologiesontinued &aluation of cloud climatologies from passive sensors have
been conducted and limitations of passive cloud products were documented; and

Establishing connection between cloudiness and lsgae circulationthis connection is the most
elemental buildinglock of cloueclimate feedback. Recent developments include studies of
associations between stratospheric circulation/ENSO and changes in clouds.

Strengths:

The overall strength of CloudSat mission lies in its novel approach to observing clouds fir8swhe

band or millimeter wavelength (3 mm) radar in space, it provided the science community with the first
global survey of the vertical structure of cloud systems and measurements of the profiles of cloud water
content. This adds critical informatiam our understanding of the vertical dimension of clouds.

Weaknesses:

There is no obvious weakness. The only thing to say in the hindsight is: we wish NASA had included the
Doppler capability and all owed Cl| wset®afuturd o scan
follow-on mission- Earth@RE-will add the Doppler capability.

Value of data record and overall data continuity:

The value of the CloudSat data record is very high, as demonstrated by more than 19,000,000 files being
downloaded by uars in 59 countries. CloudSat team puts a lot of emphasis on-sautior data

products, taking advantage of nearly simultaneous measurements from-thaiA constellation (Aqua,
CloudSat, CALIPSO, Aura, GBR@M and the future OCGQ). A number of prodtts exploited the

synergy between radar and lidar observations, and between passive and active systems.

One panel member added that CloudSat is the only instrument that can provide information on
moderate to light snowfall in micand highlatitudes. Evenvith the future GPM mission (which is
sensitive to relatively heavy snow), we will still rely on CloudSat and follomission (such as
Earth@\RE to provide measurements of moderate to light snowfall.

Due to a battery anomaly in April 2011, CloudSabis nperating in a new mode, called the Daylight

Only Operation (D@p) that relies on the solar panel to power the satellite. Only thelgyoortion (~

56%) of the whole orbit has data. Because of this, the satellite can no longer observe cloudmiarthe
night. However, the overall CloudSat data quality is not compromised and the mission objective can still
be met, namely, surveying the vertical structure of clouds.

The technical panel raised a few questions concerning the nex@p@ode:
1) Claify claim that the additional battery failure would NOT be mission ending,

2) Provide an assessment of risks associated with some of the steps taken to reduce power
consumption, such as turning electronics off and on.

Regarding the first question, Clobdt team responded as follows. There are three possible scenarios for
battery failure: battery weaout, cell short (both soft and hard), and diffusion limited current. Analysis
shows that due to the shallow Depth of Discharge (DOD), the likelihoodw&fdue to weatout in the

next two years is extremely low. Although the likelihood of a short is higher, the low load@pDO

makes it possible for the battery to tolerate an additional soft short. A hard short has the advantage that
a backup battery wold be brought online. As to diffusion limited current, f3p has margin to it and
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monthly health testing indicates that there is low likelihood that worsening of the diffusion limit will
result in a missiomending failure in the next 2 years. For the@et question, the CloudSat team

identified three key areas where risks have been increased #OpPQvearout of relays due to On/Off
cycling of electronics, failure of electronics due to increased thermal stress as a result of On/Off cycling,
and failureof wheels due to increased speed resulting in more rapid veedr Analysis again shows

that these risks are low in the next two yearBhe panel recommendation is: continue to monitor the
health of D@Op closely, although it has been running fine oliergast 18 months

Core mission data product quality and maturityExcellent

The accuracy of core mission data products has been constantly assessed and the uncertainties in the
products are well established via various validation approaches incladimgarison with similar

products derived from different observations and direct grotintth measurements (e.g., field

campaigns). The retrieval algorithms used by CloudSat, which are based on the Bayesian Theory, also
have uncertainty estimation built in

In addition to core mission products, advanced products that exploit synergy with offieiA
measurements and/or use new algorithms have also been developed and released, in response to the
Senior Review in 2011. For example, the neWwCE product ses both CloudSat and CALIPSO data to
retrieve ice particle size and ice water content.

The panel asked a question in the context of Data Analysis (DA): how does the CloudSat group plan to
interface new products from the Science Team to the users? ThesREesed by saying that these new
products come irmd hocways (e.g., through ROSES selection), but whenever it becomes available, it will
be absorbed. A success story is Dr. Guosheng Li
ROSES selectidmjt the algorithm was incorporated by the-louse snow product, which was released

to the public.

Relevance to NASA Science Goalsxcellent
CloudSat mission contributes to four of the six NASA SMD focus areas:

1. Atmospheric compositiarunderstandinghe effects of convection on constituent transport;

2. Weather:CloudSat was used to correct precipitation biases in weather models; also used to study
tropical and extraropical convective storms;

3. Water and energy cycl€loudSat observation of clouds gmcipitation is essential for studying
the cycling of water in the atmosphere and th

4. Climate variability and changedimate variability is ultimately established by variability in the
energy and water @fe. CloudSat provides a way to observe these changes and to quantify
systematic errors in cloud/precipitation predictions in models.

For a ~$100M cloutbcused ESSP (Earth Systems Science Pathfinder) mission, this is rather impressive.

Technical Panel:

Per communication with C. Yuhas, the previoussa| | ed “approved” budget f
based on the assumption that it will shut down soon (the same assumption was made for several other
satellites). Under the current condition of CloudSat {O@mode with mission life expectancy through
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and beyond FY17), this assumption is no longer valid. Given tremendous contributions CloudSat has
made and will continue to make to the science community and the expected calibration value for

several future missins (e.g., EarthCARE and GPM), it is important to keep CloudSat operating until at

|l east 2017 or beyond. The proposed “sustainabl

National InterestsPanel

Cloudat was given an overall mission rating of Highitytiby the National Interests Panel. See the panel
report for detailed discussions.
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EC1
Recommendation: Continuation of projects as currently baselinddr FY 1415. Closeut in FY1617.
Summary of findings:

The NASA 2013 Senior Revigsgience Panel recommends that the-E@ission be continued as
currently baselined. The 12.5 year old-E@ission continues to make numerous valuable contributions
to the Earth Science community. It serves as a modeldearced technology capabilitigacluding
spacecraft agility, oioard intelligent processing, reliable support technologies, and unique passive
optical imagery. The mission also delivers and tests new technologies and strategies for satellite
acquisition, algorithms for terrestrial emehmental monitoring, calibration and validation, data
synergy, and continuing technology advancements for data volume throughput, autonomous
operations, and o#board processinglhe two instruments onboard EQ) the Advanced Land Imager
(ALI) and Hyperigrare high spatial resolution sensors capable of imaging any spot on earth up to 5
times every 16 days (plus 5 nighttime images over the same period).

TheE@GL mi ssion is central to NASA's strategic Ear
related to climate and environmental change, and to characterize, understand, and predict how the

earth is changing, with consequences for life on Earth. Though originally designed as a technology
demonstration project (ALI to inform Landsat 8 and Hyperiothadirst gratingbased, hyperspectral,

civilian sensor in orbit), the mission continues to serve that purpose but has also made significant
progress as a contributor to science and applied science investigations as well as national and
international disager monitoring efforts.

Despite the small team size (<10 part time) in the Mission Science Office (MSO) and Missions Operations
(MO), the EGL mission supports an impressive array of activities. Science support activities include:

1 Development of Level &ience/technology products and prototype products for HysplIRI;
9 Cal/Val activities-including lunar/terrestrial calibration;

1 Technical interface for science community, including NASA HyspIRI mission concept team;
1 Providing imagery and expertise to suppefi4 HyspIRl ROSES AO projects; and

9 Support for Landsat and LDCM.

Operations support activities include:

1 Developing advanced software to automate scene tasking and prioritization;

1 Providing an interface with national and international disaster relief ozgdions;

1 Developing/upgrading SensorWeb technologies that link grenebd and satellite observations;
and

1 Developing Intelligent Payload Module (IPM) forlmoard autonomous capabilities for HysplIRI and
other missions.

Over the past 2 years, significgarbgress has been made on concerns expressed by the 2011 ESD Senior
Review, which had rated EDwith the lowest scores of all missions under review. This progress has
strengthened the relevance of ED t o NASA’' s sci ence-1lNylissmd Siencel n par
Office (MSO), in partnership with the USGS EROS has made data processing improvements and
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continues to advocate for sciencgiality products. The panel also notes significant improvements to
data tasking and acquisition and the mission ghli commended for these changes. H@1 website
provides mission information, a reference list, user support tools, and links to datdditioa, through

its webbased task management system (GeoBPMS), the user community can submit task requests,
which could likely serve as a model for future sampling missions.

Other significant accomplishments of the E@ission over the last two years include:
1 Improved data processing;
1 Improved Level 1T geometrically terrain corrected product;

1 Increased data downads: 16% increase in data downloads from USGS; 59% increase in use by
government agencies; 72% increase in requests to USGS for emergency response/disaster support;

Completed collections for 2010 Global Land Survey;

Augmented lunar calibration procedurésimprove calibration method for future earth observing
missions;

1 Continued irhouse science investigations to estimate carbon parameters such as GPP from
Hyperion data;

Strengthened collaborations with the HyspIRI Decadal Survey Mission;
Increased outrach and capacity building in support of the disaster community through SensorWeb;

Established clouthased archive with integrated Web Coverage Processing Service to allow users to
apply ceregistration, atmospheric correction, and user specified methods;

9 Established Intelligent Payload Module for onboard processing capabilities; and

1 Special Issue of IEEE JSTARS devotedlo EO

The Senior Review Science Panel concurs with tRe mi@sion team with regards to decommission

plans. The EQ Mean Local TiméMLT) will degrade to earlier than 9:30 am by December 2013 but this
does not entirely preclude the acquisition of useful imagery. Battery life is anticipated through 2015
2020. In preparation of the End of Mission Plan, thelE@ission has set Septemb@®", 2015 as the

nominal decommissioning date. As such, the Senior Review Science Panel recommendation is to
“terminat-eutahdt ke omiessi on-14.n t he out years (FY1

Scientific merits: Very Good

The EGL mission serves a global user community and constituedig. of the original, and most
important of the scientific contributions of EDis to inform other NASA missions: ALI was critical as a
prototype for Landsat 8hearnidt aHgyep’e rfioorn tphreo vH ydpeesr s“f
(HysplIRlI), proposed for launch in ~2022. With the recent launch of Landsat 8, ALI will continue to play a
critical role in the initial calibration/validation of Landsat 8 products. In addition to thisadritite, ECL
continues to improve its usefulness for science and application investigations. The contributiofl of EO

to national and international disaster monitoring efforts is exemplary. The pointing capability,
autonomous scheduling, and dooard pro@ssing have enabled the BOnission to become the

cornerstone of several disaster monitoring efforts, in particular SensorWeb.
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The E@L mission also continues to expand its usefulness for a broad suite of earth science investigations
which the panel fea were very well documented by this proposal. Tdwerfold increase in signdb-

noise ratio of ALI versus Landsat ETM+, along with the extra SWIR channels makes ALI very useful for
remote sensing of active fires and lava flowgperion data have beenstrumental for time series
calibration/validation sites, including Committee on Earth Observation Satellites (CEOS) calibration sites,
eddy flux towers (FLUXNET), and International Long Term Ecological Research (LTER) sites. Earth scien
applications stemming from EGQL data are broadly in the fields of geology, forestry, agriculture,
hydrosphere, land use, vulcanization, and fire management. More specificallydg@ have been

utilized in a wide variety of studies investigating species discriminatidirsasive species, shallow

water bodies and coastal ecosystems, desertification, soil properties, ice and snow, coral reefs and
water quality, disturbance recovery, archaeology, vegetation phenology, climate change, forest growth
and carbon dynamics, aguiltural monitoring, pollution effects on forests, and habitat fragmentation.
Hyperion data and spectroscopy techniques are instrumental for species mapping, derivation of
vegetation indices, mapping of forest nitrogen content, primary production, LAdétatgn canopy

closure, vegetation fractional cover and light use efficiency, canopy greenness, wetness, and pigment
content, and comparison of vegetation bitysical parameters derived by VIIRS, MODIS, AVHRR.

Strengths:

The science merit strengths ofdHiEGL mission broadly include the contributions to successor missions,
science, and applications. In additiohetEGL mission continues to partner with NOAA to develop an
advanced version of the lundmased calibration modelhe 2011 Senior Review pameted the lack of
publications stemming from EOdata. This panel notes the significant progress made on that front,
especially with regards to the forthcoming special issue of IEEE JSTARS devotédticBCe.

Weaknesses:

The perceived weaknessekthe scientific merit of the EQ mission are few. The panel noted concerns
about the diminishing quality and consistency of time series observations based on the degrading orbit
and the associated increases in solar zenith angle.

Value of data record andverall data continuity:

EQ1 data have been instrumental for ensuring data continuity for@ebal Land Surveys of 2005 and
2010, by gap filling for Landsat data, and providing a unique data record of islands around the world.
Hyperion data have beanstrumental for time series calibration/validation sites.

Core mission data product quality and maturity Good

The stability of ALI and Hyperion data after 12.5 years of operation continues to be quite good (within
5% for ALI and 1.5% for Hyperion). Level 1 products are of very high quality and utility to the broad user
community. Radiometrically (L1R) and terrgied-corrected (L1Gst) imagery from both ALI and

Hyperion are provided upon request to users. The complete ALI and Hyperion data archives have
recently been upgraded to L1T processing level which is a geolocated proehecfistered to the

Global Orthoredfied Landsat Data (GOLD).

Level 2 data produbobasaetefon|l MSPretdudeds”“and se
Atmospheric correction for both ALI and Hyperion are still in the research phase and do not appear to be
fully operational. However, atospheric correction tools for Hyperion data are available to users on
demand for correction of data to reflectance. Hyperion level 2 science products like reflectance are

made available to users on demand. Other Hyperion level 2 products, like vegétatioss, land cover
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classifiers, and science Hitysical products are still being tested but are provided to users on demand.
For ALLI, level 2 products, including reflectance, vegetation indices, land cover classifiers;@mdsiial
products are curretly provided on user demand and distributed free of charge via FTP. According to the
proposal, vegetation biphysical variables will become available in 2013 for users to generate on a
routine basis.

As the 2011 Senior Review Panel noted, and this gEselnotes, one perceived weakness of thelEO
mission is the continued lack of level 2 product maturity and availability. The panel recognizes the fact
that the EG1 mission has a small team and lacks a dedicated Science Team, and, therefore, is
commendedfor the breadth of their activities, but a focus on level 2 data product maturity is warranted
and recommended by this panel.

Relevance to NASA Science Goslery Good

The mission originally served an important role of informing Landsat 8 develop8iant the

successful launch of Landsat 8, the EMission will be critical for initial calibration/validation of

Landsat 8 acquisitions with ALI. Similarly, Hyperion data are critical for informing the future HyspIRI
mission. In addition to these centradles,the EGL mi ssi on continues to be a
strategic Earth Science goals as well as NASA’ s
acquisition, the mission supports many important lelegm science investigations, includitdyperion

time series for global change studies. On the Applied Science and Technology front, applications like
SensorWeb are central to national and international disaster monitoring efforts. Furthermore, thhe EO

mi ssion continuewr gl fp’i |dat & hper ¢ deos g it Aragisi@ton, mo s p
userdefined processing algorithms) in the cloud environment as a prototype for future missions. This
new approach will allow for improvedd-esetcess to
information rather than just download raw data.

StrengthsThe strengths of the EO mission with regard to relevance to NASA Science Goals are varied.
First and foremost, the mission served a critical role as a prototype for other missions cantinues

to be extremely important in this role. The panel in particular noted the strength of the unique fine scale
hyperspectral measurements provided by-EO

Weaknessesthere were few perceived weaknesses of E@ith respect to NASA Science Goalge
panel noted that despite the broad scope of earth science applications related to NASA science goals,
these are by design limited to smaller area investigations.

TechnicaPanel

The overall evaluation from theské&chrtil ealseRaswiee
Review Panel summary evaluation for details.

National InterestsPanel

The overall evalwuation from the National I ntere
Interests Panel summary evaluation for details. Iswated by the Senior Science Panel, however, that

EQ1 is a critical national and international asset for disaster monitoring because of its pointing option,
autonomous scheduling, and dooard processing. The EXproject has become the international
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leader in SensorWeb demonstration projects and is associated with a large number of disaster working
groups.

Other Comments:

Overall, the panel agreed that this was an excellent proposal that highlighted the many strengths of the
EQ1 mission. The panel pacularly liked the focus on the prior two years of accomplishments since the
2011 Senior Review and commends the E@ission on these accomplishments and progress.
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GRACE

Recommendation: Continue Project as Baselined

TheGRACE mission has delivered unidagsets othe global gravity field and the lareggeale temporal
changes in mass distribution within the Earth system since it was commissioned in 2002. The GRACE
data have provided novel insights on critical planetgrgocesses such as ice sheet mass balance, the flux
of meltwater into the global oceans, mass exchanges within the oceans and seasonal and interannual
variability in groundwater storage at the regional scale, whickeleeen used to detect and map major
water use patterns.Furthermore, GRACE data fiabeen used in operational settings including the

radio occultation data that is assimilated into atmospheric models and the GRACE accelerometer
provides some of the bedt situdata on satellite drag and atmpkeric neutral density at high altitudes.
The mission has provided critical contributions to the development of a global gravity field
complementing terrestrial gravity, CHAMP and GOCE. The health of the mission continues to be an issue
as there are fewa@mponents left with any redundancy. The team continues to work the power issue to
extend the mission life at the expense of the annual cycle and event detection. The time varying
missions is so unique that the mission should be continued as long aslposSibirently datare

collected for ~120 days out of every 162 days. If the third battery ot faiks data will only be

acquired for~50days out of 162 days but the time varying mission should be continued. GRACE might
become a single satellite gréawimission with a high resolution radio occultation experiment in the next

2 years.The single gravity mission status would occur with the loss of 4tenki ranging system, the
instrument processing unit on either vehicle (IPU) or the transmitter (RIRXkITthe Ultra Stable
Oscillator/Microwave Assembly (USO/MWA) dRAZHE. This configuration will not meet the Level 1
science goals and unlegere is astrong call from the radio occultation users or the gravity community
the mission should be termined.

Scientific Merits: Excellent

Strengths

The publication record using GRACE data has exceeded 1190 peer reviewed articles \2ib0 over
articles and book chaptein each of the last 2 years. The data has underpinned a number of the
important insiglts into the changes in the earth system specifically in ice sheet mass balance,
guantifying the changes in glaciers and ice caps globally and enabling the separation of the changes in
ocean mass from the changes in ocean volume due to thermal expansmeasingly the GRACE data
arebeing used to both study how the global oceans are redistributing mass from the Southern Oceans
to the Arctic and the Mediterranean and as a data set that can be assimilated into numeric ocean
models. The almost decadieng gravity record from GRACE has provided insights into the global
hydrologic cycle capturing emerging trends in water storage some of which are from climate variability
and some of which are from human activities. On the solid earth side GRACE has impodetsioh

glacial isostatic adjustment and resolved mass changes from the very large earthquakes,Jegan

and Sumatra. The GRACE satellite GPS receiver is used to measure globally vertical profiles of the
atmosphere, bending angles, refractivity and dry temperature based on the radio occultation of the GPS
signal. These measurements serve as thibiedion for radio occultatioomeasurements on other
systems.These data provide atmospheric temperatures for assimilation into weather moG&fCE
temporal gravity field observations further contributed to enabling the separation of mass change and
elevation change (obtained from SAR and altimetry) for several Earth systems, e.g. ice sheets, ocean,
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surface watewversusground water. There is currently no other mission that would allow these insights
into these processes on a regional to global scale.

Weaknesses
None

Value of data record and overall data continuity

The strength of the GRACE mission is its global resolution of time varying processes as mass shifts on
planetary scales. The value of the data record increases with the increasing létigghrecord. The
instrument performance is degraded for wavelengths less than 500km as a result of relaxing the thermal
control to reduce the battery load. There has been no thermal control since April 2011. The lack of
thermal control has resulted iméreased measurement noise and a systematic error. After tuning the
processing strategy, there is no visible evidence of data quality degradation at spatial scales of 500 km
or larger. For spatigdcales smaller than 500 km, some of the L&vdhta prodets are noisier after

April 2011, but the annual and decadal variations are still captured. Processes with small spatial scales
and large signal amplitudes such as outlet glaciers eahieets, major deltas, and great earthquakes

will still be resolvedn the GRACE data. Processes at small spatial scales and with small signal
amplitudes such as several river basins (e.g. Danube, Euphrates, Okavango, Colorado) may not be
resolved with the increased noise levels.

Power limitations due to battery issuesvaintroduced the 40 day data holes out of every 180 days.

This data outage occurs during the deep shadow season and leads to a loss of information. In 2011,
Level2 data were not delivered for the months of January, June and December. In 2012, ddka for a
months except May and October have been delivered. The estimates of the secular change in the polar
ice mass variations are not affected. The goal should be to extend the mission to provide mission
continuity with the GRACE Follé®n mission if possi®l The team is working to preserve the time

series with the recognition that the annual cycle variability and the study of transient events will be
impacted by this strategy. The primary goal is to ensure overlap with GRAIGE&on and document

the long-term change. The time varying gravity measurements are so unique that the mission should be
continued as long as posteb Currently data areollected for ~120 days out of every 162 days. If the
third battery on GRI fails data will only be acquirddr ~50 days out of 162 days but the time varying
mission should be continueddowever it is unclear how the gravity field recovery will be degraded if

the ACC/ICUroeither satellite were to fail, thereforre cannot make any recommendation on the
respase to this failure.

Core mission data product quality and maturity: Very Good

The core mission data product quality and maturity is ranked very good primarily due to the absence of
a product that can be used by the ngpecialist used community. Thereegwo widely used GRACE

data products, i) the monthly and ii) the mean gravity fielalevel 2 product delivered as spherical
harmonic coefficients. The Level 1 products include the ranges between the satellites, the geocentric
position of the satelliés, and the attitude and accelerometer outputs from the vehicles. These products
are produced by a globally dispersed team beginning with the German DLR mission operation center,
which works with JPL to produce the level 1 products and the teams at GBdaiiah UT and JPL who
produce the level 2 products and validate the level 1 products. The products appear to be mature
recently were reprocesseRL-02 Level January 200®ecember 2012). Informal feedback suggests
that the new release shows an imprawent by a factor of 2. The number of unique users

downloading GRACE data is ov20P0, up from~18,000in 2011 Quicklook gravity products have
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been developed to look at floods and similar rapid respanssnts.

More widespread use of GRACE dagatinues to be hindered by the data format. The last senior
review panel suggested that mascons become an alternative data format for delivering the GRACE
results. This has not been completed although the JPL validation effort has focused on dealoping
mascon solution for the Release 05 series in 20IHis product should bategrated with other NASA

tools for looking at Earth satellite data. The Senior Review Panel recognized that the community using
the GRACE products is still rather narrow anccidized. While the CSR team is very responsive to
individual requests for detailed data, it is important that towards the end of the mission lifetime the
data become more widely avalike. In addition to the mascons maphke team shouldnakethe

monthly solutions available globally so they can be used by a wider community. The spherical
harmonics form of the Level 1 and 2 data are not easy to use for many potential users. Currently the
GRACE product delivered by CSR is not easily accessible andtaiifiscsignificant striping. The team
should be tasked with making the GRACE data accessible to the broader community. Ideally the GRACE
monthly products with options to filter different spectral bands would be accessible in the standard
NASA tools sucks Worldview. These efforts shall be initiated well before the close out of the mission.

In summary to enhance the use of GRACE data by a wide community, the team should:
(1) Deliver the mascon product sooner than 264this has been pending since the lashir review;

(2) Develop a series of global grids reflecting standard selection of harmonics for the month products
that could be available to the broader community; and

(3) Recommend and document the used standards, filtering methods and maps of productsrimaa fo
which follows geospatial standards which allow easy inclusion in mapping/visualization systems

Relevance to NASA Science Goals: Excellent

The GRACE mission estimates mass variability on
cryosphereand oceans. These key estimates contribute to the godh&macterize andinderstand

“1 2¢g Aa (GKS 3f 20l f BheNgsikn spegificallySaddreSskd thfeg ESDIoSUs areas
including:Climate Variability and Change; Water and Energy CydeaBar t h’' s Sur f ace a
Climate Variability GRACE supports applications in ice sheet mass baladegekaae, dynamic

topography and the transport of heat and mass in the upper ocean and ocean processes. In the water
and energy cycle satent GRACE addresses global water balamd provides inputs for evapo

transpiration for weather models. In the Earth Surface and Interior GRACE has captured major mass
moving events and facilitated the development of an improved national referencersydie support of

the Weather focus area GRACE radio occultations provide input into atmospheric and ionospheric
conditions.

Weaknesses

No weaknesses with respect to the relevance to

TechnicaPanel

The technical panel outlined that the GRACE mission requires both satellites to be operating to perform
the time-varying gravity measurements, bkiey instrument subsystems now lack redundancy, which
leadsto a ranking of the mission as high risk.
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National InterestsPanel

GRACE is used for a wide array of applications from ingestion into weather models, to developing
drought monitoring tools to providing lorgavelength control of higinesolution geoid models and in

situ data on high altitude satelliterdg and atmospheric neutral density. GRACE data would have even
broader use if the GRACE data were more accessible. The National Interests panel ranked GRACE high
utility and captured many of these uses. The National Interests Panel also highlightedRAGEGIata

would be more widely used if it were more accessible.

Other Comments:

The team should develop an end of life plan for the mission including specifically addressing the
guestion of if it is worthwhile continuing a single satellite gravity mission as the vehicles descend. This
should include an assessment of whether a CHAyb single satellite gravity mission would have a
justifiable contribution to the development of a more accurate global geopotential field. The uses of the
radio occultation and the accelerometer drag should also be considered.
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Jasonl

Recommendatio: Continuation of projects as currently baselined;

The panel recommends that the Jasbmission to be continued as baselined at least until the
upcoming Jasof3 mission has been launched and calibrated. While the primary calibration is expected
to be achieved by OSTM flying in a tandem configuration $&a#oR3, there is concern that Jasdnbe
maintained as a backup case of unanticipated failure of OSTM prior to Je&oalibration. There is

some value in using Jasa@rto detect and correct large errors in ssarface heights from Jasehin the
absence of OSTM. This potential calibration value as well as the impact of Jasdhe wider scientific
community through its contribution toward increased resolution for oceanic mesoscale monitoring
should be reevaluated by the next Senior Review panel.

Jasonl is a critical mission to establish a near global continuous record of sea surface height (SSH)
observations and spatitemporal changes which was started in 1992 by Topex/Poseidon and is
currently continued by Jase2/OSTM. Due to several safe heldarly in 2012 and the potential risk of a
collision with OSTM or its successor Ja3dto be launched 2015), Jas@rwas successfully moved to a
lower geodetic orbit (recommended by the Joint CRESA steering committee and the Senior Review
Report 201). The new geodetic orbit extends the repeat period from 9.9 days to 406 days and leads to
significantly greater observation density at the cost of temporal resolution. As a consequencel Jason
contributions to extend the sekevel change time seriedang the established track hawsvitched to
providing SSH observations along a new track pattern. Despite the changelJastimues to provide
valuable observations for mesoscale oceanography, which requiBesp2rational altimeters. The SSH
productfrom the geodetic mission shows only minor degradation in sea surface anomaly variance and is
still assimilated into operational models by several agencies.

The main advantage of the new orbit is the high spatial coverage that significantly improves our
knowledge of the marine geoid, marine gravity, bathymetry and sea surface topography. The
improvements are targeted in both spatial resolution and accuracy. This will lead to improvements in
bottom mixing models and sea surface topography data by combigrangmetric data and altimetric

sea surface height. In addition, the improved marigeavity observations are expected to outperform
all existing altimetry observations since 1986. While these new products are to be developed by the
OSTST (Ocean Surfaopdgraphy Science Team), we recommend that these products be adopted by
the mission team for distribution and user support.

In addition, Jasoil may become a critical mission if OSTM experiences difficulties or the recently
launched missions Altika and 2% cannot be calibrated soon. We also note that these new missions do
not provide the precision achieved using Jadaand OSTM, which represent the standard for ocean
radar altimetry.

In summary, Jaseh continues to provide highuality seasurface heift information which remains

highly relevant for operational oceanography and now also geodesy and geodynamics. The tdmson

has successfully implemented the recommendations made in the 2011 NASA Senior Review Report by
moving it to the geodetic orbiind maintaining the health of the mission. A continuation of the mission
as currently baselined for FY-1% is recommended.
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Scientific merits: Excellent

Strengths:

The Jasorl SSH observations in the new geodetic orbit are of considerable valugee minor
guality degradation that will beeduced with an increasing number of observations. Large scale
oceanographic circulation and decadal variability such as ENSO and the North Atlantic Oscillation are
observed. Monitoring of major currentsgms including the Kuroshio, Brazil and Malvinas currents
relies on Jasofl observations. Together with OSTM, Jaggroducts allow for targeting oceanic
mesoscale processes, which could not be resolved by OSTM alone. Furthermord, datowere

critical for forecasting th®eepWaterHorizon oil spill trajectory. The main scientific advance has been
the improvements of the global marine geoid, marine gravity, and bathymetry fields by incorporating
Jasonl data since May 2012 to the existing ERSMand Geosat GM data. A tremendous number
(90,000) of newly charted seamounts are expected as is a geoid accuracy increase by a fagtor of 2
(depending on one 40G8ay or two 406day cycles). The reason for these advances is due to the low
inclination of theJasonrl orbit compared to ERBand Geosat. This improves the sensitivity to the-East
West component of the gravity field, especially in equatorial regions. Initial results provided by two
independent research groups indicate that one cycle of JAs@ marine gravity observations
outperforms all previous altimetry derived marine gravity from #REM and Geosat GM. The Jadon
mission has seamlessly transferred from an oceanographic mission to an oceancgeqtetic

mission and continues to conttilte to these scientific areas. The mission is expected to increase the
community’s research output and publication nu

The products are frequently used by the science user community with increased numbersu# uniq
users after the transition to the Geodetic Mission. The publication record is very strong and a new wave
of scientific achievements must be expected from the GM products.

Weaknesses:

While the mission can provide observations over rivers and lakeglaas providing assistance to
tsunami debris modeling, these applications are neither mission critical nor well established beyond
occasional examples. The change from ad&@to a 40&day repeat cycle, is likely to further reduce
the relevance of Jas-1 observations for lakes and rivers applications. This is a minor weakness.

Value of data record and overall data continuity:

Jasonl data is continuously provided with high quality and with very minor down time. Its most
important contribution is thait allows for the continuation of the sea surface height time series started
by 1992 by Topex/Poseidon. The previousls®al data gap between Geosat and Topex/Poseidon
(19891992) was shown to be detrimental to the estimation of decadatleeal changeWhile the

project scientist indicated that even aZlyear observing data gap could be overcome with alternate
data products, the panel has doubts that this holdstha acceleration ofealevelchange ocean

currents, climate events such as ENSO ot-water pulses at shorter and irregular time scales. Hence,
Jasonl is one of the few missions that can prevent a potential future gap in these fundamental climate
records.

Core mission data product quality and maturity: Excellent

The GDR data prodtgcare well calibrated and represent the highest accuracy levels compared to other
radar altimeters. The product quality has not changed significantly despite recent technical challenges.
The provision of highest quality products (SSH with RMS of 2.%caydr 12 years is commendable.
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The algorithms are well established and only minor adjustments are required for the new orbit
geometry (e.g. initially replacing the mean smaface height by a geoid model as a reference for sea
level anomalies). The nepvoducts gravity, geoid and bathymetry are a contribution of the OST Science
Team. The products are generated with equally well established algorithms building on the heritage of
the geodetic missions of ERS&Nd Geosat. However, the products should bepdd by the mission

team and distributed through the mission dissemination channels. Synergies with OSTM are obvious and
are exploited with respect to data assimilation into models. The panel also noted that the user
community often relies on communiyrovided data access tools (e.g. RADS) for data download and
processing. This is considered important and should be supported by the Jasission operations.

The quality of data production is high and maintaining and the core mission products are rated as
excellent.

Relevance to NASA Science Goals: Excellent

Strengths:

Jasonl observations contribute to answering the four main NASA science questions. Below, a few
examples outline how this is achieved. The relevance to the NASA science goal is coasidered
excellent.

How is the Earth system changinfie project directly contributes to improved understanding of-sea
level change, ENSO, ocean currents, circulation patterns, heat, and-betam mixing.

What are the sources of chang&Re project contributes to this question through assimilation of Jdison
products into current and circulation models in combination with other NASA products. Furthermore,
Jasonl observations lead to improved searface topography estimates from a coimétion of the

new geoid data (in combination with GRACE) and SSH will shed light on the oceanographic versus
geodetic sources of sesurface topography.

How will the Earth system change in the futud@®onl data directly contribute to better constraide
predictions of sedevel change as well as operational forecasting of wind and wave climate.

How can Earth system science improve mitigation and adaptation to global chAngefate

observations of seaurface heights, ocean tides, wind and wave patsdiead to local predictions of

sealevel change (including crustal motion) and potential mitigation means. dastservations

contribute to accurate representation of mesoscale processes as direct indicators of climate change and
the impact on fisheries

We note that OSTM is currently the only alternative for acquiring these measurements.
Weaknesses:

NASA Science goals can potentially be answered by using OSTM measurements. However, not all of the
processes can be targeted by OSTM alone including sgzeich of the geoid, bathymetry observations,

and mesoscale oceanography. Using OSTM alone would lead to a degradation of the accuracy and
spatial resolution of altimetry products.

TechnicaPanel

The Technical panel identified several technical riskéch could eventually lead to mission
termination. However, the advantages associated with continuing the geodetic mission for
geoid/gravity, and wind and wave data retrieval even after the loss of precise orbit determination from
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GPS and DORIS, and Ibss of the hand altimeter, are considered important enough to continue the
mission despite the technical risks. The Senior Review Panel concurs with the findings of the Technical
Panel.

National InterestsPanel

TheJdasol mi ssi on was given an overal/l utility rati
federal agencies assimilate Jasbproducts and indicated that a termination of Jasbobservations

would be detrimental to the accuracy and redece of their products. The Senior Review panel concurs

with the findings of the National Interests Panel.

Other Comments:

The singlestring risk for Jasefh seems high, however, even with the loss of several instruments, the Ku
band altimeter alone woul be able to provide valuable observations of the-sagace slope and this is

the quantity needed to derive geoid/gravity/bathymetry. For this application, even the loss of the
precise orbit determination system is acceptable. Consequently, a contimuatithe mission with

reduced functionality is still highly valuable to determine the marine gravity field at short spatial scales.
Every completed orbit will improve the gravity field retrieval.

While the mission team used the argument of the benefitthef GM and its new products in the
proposal, the Senior Review Panel also noted their statement that product generation and
dissemination (gravity/geoid/bathymetry) is the responsibility of the OSTST. We recommend that the
mission team should adopt theew products and integrate these products in dissemination and
support.

The Senior Review Panel strongly supports the Jasuission to be continued as baselined for the
proposed extended mission. Jasbishould be considered a backup to OSTM for J&smiibration in

case of unanticipated failure of the OSTM mission. The next Senior Review Panel should then evaluate
the continued value of Jasehbased on the following questions: 1) Would additional GM cycles beyond
2015 significantly improve the qualiind resolution of the marine gravity field; and 2) Is the

improvement in resolution of oceanic mesoscale observations by continuing-lasaddition to

OSTM and Jasemof critical importance to the user community. The closé of the mission is a

potential recommendation if the findings indicate no significant relevance of Jasmyond 2015.
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OSTM

Recommendation: Gontinuation of projedsas currently baselined.

Note: Presently, NASA is only supporting a small number (three) of theystéms for the OSTM
mission. The satellite is operated primarily by NOAA, partnering with NASA, Eumetsat (European
Meteorology) and CNES (French Space Agency). The requested NASfobO®EV is $1.2M out of
the total $130M for all missions.

The overall Mi ssion isngddigpdthe bDReViEaswePl amt

T The data sets are widely wused, multidisciplin
EarthScience community;

9 Continuation of the data sets at the same high level of quality is highly likely, data gaps are
negligible, and the mission is fully responsive to the priorities of the ESC science objectives; and

There are no major weaknesses in thegmam, with numerous, significant strengths.

[In addition, the cost is minimal]

The OSTM/Jased al ti meter is the third -tgyreeeati si on” al tji

( TOPEX/ Poseidon, T/ P) “reference” orbit, while
(SSH) to instantaneous accuracies of several centimeters. Iriliis@STM serves as THE reference

satellite for the other altimeters in orbit at the same time (these are now Cry®satd Altika),

i mproving the accuracy of their products by com
2 will be joinedn the reference orbit by its replacement, Jasd&nwhich will fly in tandem with OSTM

(along the same orbit separated by 1 minute) for six months to provide the coincident measurements
needed to assure complete consistency in their time series of SSH reg@ss.Thus, data from

OSTM serve as the reference for the present constellation of altimeters and also for the next precision
altimeter (JasorB).

After its replacement by JaseB) it will move to an interleaved orbit to contribute to an even higher
spatial resolution of the SSH fields. The time series from the reference altimeters provides the present
estimate of global sea level change, a primary oceanographic climate data record. Not only does it
monitor the change in the mean sea level of the glazaan with accuracies of better than 1 mm/year,

it also describes the spatial variability of the changes in sea level. Together with the system of
subsurface floats (the ARGO system), it provides a record of changes ibtheRture of density,
temperature and salinity in the ocean. Further combinations with observations by the gravity missions
(GRACE and GOCE) monitor the exchange of mass of water between continents, oceans and glaciers on
seasonal to inteannual time scales. By using its precisetdoremove offsets between all of the
altimeters in the constellation, the reference altimeter allows the combined SSH fields to resolve
mesoscale features (eddies with scales of 50 km and longer). Still further combinations of the
circulation fields wh biological data from satellite ocean color sensors andditer instruments are

used to investigate biophysical interactions. All of these data can be assimilated into ocean circulation
models to form the most complete description of ocean dynamics(amdntually) marine ecosystem
dynamics. Ancillary measurements of significant wave heightsvemdisare routinely included in
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operational wind and wave forecasts, while estimates of upper ocean heat content are used to predict
changes in hurricane intertgi In these and other applications, the data are widely put to use in
interdisciplinary and multidisciplinary enterprises, constituting numerous major strengths. The science

goals directly address the NASA ESC science objectives, as expressed inthetedgi ons: “ How
gl obal Earth system changing?” and “What are th
magnitudes and trends?” Through assimilation of

models, the altimeter data setsalee | pi ng t o answer the third questi
change in the future?”

Scientific Merit: Excellent

The proposal states that the “overarching goal”
and Jasofl time series to studyhe changing oceanoneveronger ti me scal es.”
Strengths:

OSTM forms a crucial link between future and past altimeter data sets for climate studies. One climate
goal is to monitor the continuing rate of global sea level rise (SLR), along with thé ppt&es of SLR.
Several studies combine data from the altimeters, scatterometers, radio occultation (GRACE), and the
global system of profiling “ARGO” floats to add
tropical Pacific, where the ARG(@bsurface data find a layer of warm surface water, created by changes
in the currents (revealed by the altimeter) due to increased strength of the trade winds and-saaer
Walker circulation (seen in the scatterometer data). The increase in globdu8h&the 199798 El

Nino and the subsequent drop during the La Nina are compensated by decreases and increases in the
terrestrial water storage, as estimated by changes in the GRACE gravity fields. Similarly, an apparent
leveling off of the global SLRrithg 2010 and the first half of 2011 is caused by a temporary increase of
the terrestrial storage of water over Australia, northern South America and SE Asia.

Other examples of changes in ocean circulation noted by the proposal include: (1)dotth

fluctuations of Southern Ocean fronts and cresit eddy fluxes; (2) An increase in the Atlantic Ocean
Meridional Circulation (from altimeter and-imater data), counter to previous hypotheses about climate
change; (3) Extensions of the altimeteryar eriod to a 116year period using tide gauge data,

showing changing patterns of ENSO events; (4) The changing global distribution of eddy locations and
their water properties, along with interactions of the eddy SST fields and the overlying winds; and (5)
Qonsistent patterns of altimeter SSHA fields and-sedace salinity (SSS) in equatorial current systems.
The SSS fields are from the NASA Aquarius mission (the newest ocean sensor).

The increased understanding of oceanographic processes, such as eli@sdrdve, allows us to test,

improve and gain confidence in models of ocean circulation, which are incorporated into the climate
models that predict short and lorigrm variability in oceanic and terrestrial climate conditions.

Regional analyses of altineetdata, often involving emerging coastal applications, are being compared

to downscaled (nested) versions of the coupled climate models, leading to improvements in the regional
scale climate predictions. Through these studies, altimeters are playingpamtant role in improving

our ability to predict future changes in the Earth system, on both regional and global scales.

Weaknesses:

There were no major or minor weaknesses in the proposal.
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Value of Data Record and Overall Data Continuity:

One measuref the value of the data is the productivity of the mission, as indicated by the number of
peerreviewed papers that use the altimeter data or acknowledge support by the altimeter project. JPL
maintains a literature data base for all altimeter mission®(Tasorl and OSTM) with 3574 published
papers in 23 yearsan average of about 155 per year. In the five most recent years (the OSTM Mission
years, 2008012), there were approximately 65000 papers (depending on the data base queried),
averaging abou130-200 per year. Thus, the altimeter data set has continuously formed the basis of a
multitude of successful scientific analyses over the past twenty years. The titles of those papers show
that the science being conducted with OSTM data cover not @ayevel variability and ocean

circulation on scales ranging from coastal eddies to bssitte circulation, but also studies of sé@or
topography, significant wave height, hurricane forecasts, atmospheric water vapor and space weather.
Outreachandedciat i on are al so r epr e stherdatesdts areQudelyeused,g ai n
multidisciplinary and recognized as the standard for the Earth Science commtunity

Furthermore, the value of the data is demonstrated by the importance of the problenresskt by

those projects. The questions related to the oc
spatial and temporal scales) and the impact of sea level rise in coastal regions are critical to the future
well-being of human populationi® many regions of the globe.

T h @ata‘continuity issue is exactly one of the reasons to continue the OSTM time series for the next
3-4 years, until it can be used to calibrate the next precision altimeter (J3sdkithough a gap of-2

years betweerOSTM and Jasehwould not make it impossible to continue the record of sea level rise
using Jasoid after the gap, it would require a much longer period to recalibrate and match the-3ason
data to the previous record (using tide gauges and fixed platfmaltval sites). For example, the
comparison of TOPEX and Jadamata during the @nonth tandem phase allowed the identification of
differences in the corrections due significant wave heights, which would have taken much longer to
discover and correct. §ap of 12 years will also make it more difficult to assess accelerations in the sea
level rise rates and to separate human from natural causes of sea level rise. Thus, we recommend
continuing the mission through the at least the first 6 months after thanth of Jasof3, preferably
through both FY145 and FY187 periods, with baseline funding.

Core Mission Data Product Maturity:Excellent

The OSTM project warrants an evaluatioriia8 E O S @ & S i 6 €dte naission déta product

accuracy has beesssessed and the uncertainties in the product well established via independent
measurements in a systematic and statistically robust way, representing a broad array of conditions. The
jdzt t A& 2F RIFEGlI LINBPRdzOGA2Y Ad KAIK YR YIAYQdlAy

During the histonof satellite radar altimetry, the evaluation of the error budget in the final dynamic
topography calculation has been the central organizing concept of the data quality control and analysis.
There hasilwaysb e en  an e mp Uneedaintes io the mdic® A focus on the components of

the error budget was used to organize the efforts of the Science Definition and Science Working Teams
during 19881992, prior to the launch of T/At has continued to be the focus of the OSTST during the

20 years sioe that launch, using precise and very stable measurements at several platforms maintained
by the T/P and JasehMissions, in combination with a global tide gauge network and measurements
made by individual members of the OSTB&cause of these effortthe working RMS total error has

been reduced to ~3 cm, compared with the original 13 cm.
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During the past several years, unexplained biases that have existed between the different precision
altimeters over the 20 years have finally been understood and all of the historical altimeters now agree
to RMS 1 cm (Figure 3 of the proposal). Two otperisus trends have been identified and corrected
recently (Figures-5 of the proposal). Thus, tlguality of data productioms not justhigh and

maintaining,it isimproving.

NASA is not responsible for the original Core Mission Data Products for @BitNare produced by

NOAA and CNES. NASA/JPL is responsible for thregstains, the GPS, AMR and LRA (Laser
Retroflection Array) deployments, along with the command and control, health and safety monitoring,
instrument testbed operations, anomaly ahesis and recovery for these components. NASA/JPL is also
responsible for cal/val activities for these systems. This includes the improved Autonomous Radiometer
Calibration System (ARCS), developed at JPL, the GPS precision orbit determination andaauthlysis
laser ranging support.

JPL is also responsible for t woeaHine®&dHAlusngent ary”

Precision Orbit Determination orbits derived from the GPS sensor that are more accurate than the near
reaktime orbits calculated sing the DORIS positioning system; and (2) A8R, an improved

atmospheric water vapor path delay product, originally calculated within 25 km of land for coastal uses,
along with radiometerderived land, rain and ice flags.

Although these data productsae of fi ci ally “compl e men-ESPrhgshowor *
been incorporated into the newest version of the official Geophysical Data Recore{zD$&d in all
altimeter products. This product and the Automatic Radiometer Calibration SysteGSjAfave

improved the accuracy and stability of the OSTM wet tropospheric path delay, a critical component of
the altimeter error budget.Similarly, the use of the GB&sedorbit affects the operationabSHA

products, which are useid the operational ocean circulation models in the US Navy and NOAA, as well
for forecasting hurricane intensity. Thus the small amount of funding allocated to NASA for the OSTM
budget is easily justified by the value of the data products it is providing.

Education and Public Outreacithe budget provided for the E/PO effort is small ($414%@0of the

OSTM total). However, the JPL Outreach Office does an excellent job in providing knowledge of space,
satellites and the Earth systems to the public. If NAGAtsvto improve mitigation and adaptation to

global change (see below), it should increase support for the JPL E/PO office for that specific focus.
Unfortunately, the recently proposed elimination of E/PO throughout NASA will make this impossible.

Commens:

GwSRdzy RFYyd 2NJ O2YLX SYSy (Gl NE LINPRdzOUG & Jskénlidag2 G SR
are complementary to OSTM rather than redundant, now that it is in a geodetic orbit that will improve
the marine geoid. The improved geoid will eventuallpw the combined data sets over the complete
history of altimetry to be used in nerepeating tracks and without removing the mean currents. Other
satellite altimeters that are presently (or soon to be) flying, such as Altika, CGi¥oSantinel, do not

have the same precision as OSTM, since they often use a single frequency (less accurate ionospheric
corrections), with or without radiometers for direct removal of water vapor path delays, etc. They are
complementary to the need for the Reference Missiornthat OSTM improves their accuracy and
removes offsets between altimeter data sets, allowing their data to be combined with OSTM data to
improve the spatial and temporal resolution of the SSH fields. Other satellite data for SST, winds,
chlorophyll conentrations, salinity and gravity are complementary, allowing a more complete analysis
of upperocean forcing and response -Water measurements are also complementary, since the
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altimeter cannot see beneath the surface. Finally, eadaimilating modelsra complementary,
providing a temporally varyingB representation of the complete system.

G58FAYAGA2YA 2F O2NB RIGF LINRPRdzOGE T2NIhél OK YAa

present definitions for altimetry have been developed during more ttvemdecades and are adequate.

GWdza GAFAOFGA2Y 2F GKS tS@St 2F aOASYyOS &adzlll2 NI
LINE R dFbeifdndirig requested here is very small and maintains the AMR, GPS and laser reflector
array. The LRA is static aredjuires little effort. The AMR is essential and not very expensive. The GPS is
inexpensive and improves the accuracy of the Aeattime altimeter data, which are assimilated into

the operational ocean circulation models of the US Navy and NOAA. \Wememnd continuing this

level of support for the next 4 years.

The panel noted the important synergies with JadoiCryosa®, the gravity missions (GRACE, GOCE),
wind (QuikSCAT), SST and chlorophyll concentrations (Aqua) and salinity (Aquarius).

Relevarre to NASA Science Goals: Excellent

OSTM measurements are helping to answer the following NBW@A science goalguestions How is
the global Earth system changing? What are the sources of change in the Earth system and their
magnitudes and trends? aridow will the Earth system change in the future?

Strengths:

The growing length of the altimeter data set is already addressing the first question on the interannual
to decadal time scales, with statistical connections to longer (past) time scales. Continuing the OSTM
data record through the first year of the JasBrltimeter (2015) will assure the continuity needed to
extend the data set to 25 or more years. Moreover, the recent analysis of SSH in combination with
complementary satellite (GRACE, scatterometer, SST and ocean color) and in water (ARGO float) data
areidentifying the sources of the changes in SSH and ocean circulation on scales from months to
decades. The SSH observations are integrated into ocean circulation and coupled climate models, which
are used to explore the causes of the monttgcadal changewithin a more dynamical framework.
Moreover, the assimilation of the SSH data improves the predictive properties of those models. This
includes relatively new forecasts of ocean circulation and water properties, along withtehort
atmospheric forecds of hurricane intensity and climate models which predict changes in the future
environmental conditions. The fourtdASAquestion addresses mitigation of, and adaptation to global
change. Attempts to mitigate the effects of ne@rm weather events (hurcane intensity) and lorg

term changes in sea levels, ocean currents and climate will depend on the confidence that we have in
our understanding of the processes and in our predictions. Mitigation and adaptation requires effort
and expense, which will onbccur through a willingness to act on the part of the population. This
willingness requires trust in the scientific process and conclusions. This is the realm where education
and outreach play a key role. Thus the answer to this fourth question depenitie @trength of the

science involved in the first three questions and on our ability to communicate the conclusions of those
scientific analyses to policy makers and the public. This raises the question of whetsaptiaat for
Education and Public Oetach is sufficient to communicate the need for mitigation and adaptation.

Weaknesses:

None.
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TechnicaPanel

The Risk is Low and the Cost is very small. Eve
possible data have been collected otlee past 5 years. The Mission team made it clear that the safe

hold events are typical of the other (TOPEX and Ja}satellites and presently have not eliminated any
redundancy in the OSTM instruments or electronics. The benefit to cost ratio fomtak SASA funding

i s huge, reaping the rewards of NAlSnkters. The AMRSIE ant|i

critical for the accurate measurement of the wet tropospheric path delay; improvements in this product
during the past two years hawavanced the use of the global OSTM data set in coastal asadlgee
regions. The GPS measurements improve the accuracy of theemdime OGDR, which is assimilated
into the operational ocean circulation models (US Navy, NOAA, and various univeaisididsjecasts of
hurricane intensity and wave fields. The panel concurs with the findings of the technical panel.

National InterestsPanel

NOAA and the Navy use these data for ocean sea level, wave and current forecasts (including hazardous
spill and maine debris trajectories), while it is also used in hurricane intensity forecasts. Along the U.S.
coasts, it is assimilated into coastal ocean circulation models run primarily by universities and made
available to users through the U.S. Integrated Ocease®ling System. Gridded fields from the French
(AVISO) are used by many users at all levels. Those using the coastal fields include a growing population
of recreational and commercial boating and fishing interests.

Final Comments

The only * we aikm etshse ODTtTM program is the concern
during March and April, 2013. Although still under investigation, the cause of these events is thought to
be an error in the computer memory caused by radiaiiSouth Atlantic Anoma)yand is not considered

to constitute a serious threat to the mission. The TOPEX and-lasgsiems recovered routinely from

many such events and continued without problems. The original instruments are still being used, cross
strapped to the platform Blectronics, with no apparent change in characteristics. A bad memory

location has been identified on the platform A side of electronics and a fix is being engineered to bypass
that location. There is presently no loss of redundancy for any of the companeatiing the mission
hardware and software in excellent health. Even with these events, 99.0% of the possible data has been
collected and there is every reason to expect the data to continue to be collected at the same high level
of quality, with minimabata gaps.
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QUIKSCAT

Executive SummaryThis mission proposes the continued use of QUikSCAT to calibré@nidwocean
backscatter from the Indian Space Research OrgaoiséttsRO) scatterometer (OSECAI well as the

new NASA ISBapidSCAT sendbiat will be launched in 2014. They will also continue to use and
improve adapted QuikSCAT algorithmgptoduce climate quality OSCAgean vector winds and ice
products that continue the high quality QuikSCAT time series. This approach is viewe pisntial

way to continue the scieneand climatequality data record, since the ISRO mission is directed at near
real time operational applications. Without appropriate calibration and data processing, these data will
not be useful for climate and crgphere research. ISRO and NASA have demonstrated successful
collaboration to achieve these goals. QuikSCAT has been extremely stable in its calibration, and the
radar instrumentation shows no indication of either calibration drift or deterioration, mgkis

instrument ideal for calibration of these Kaand scatterometers. In a change from the last review, this
proposal will also use a combination of QuikSCAT and Rapidscat to extend the science and application of
ocean vector winds by exploiting aibahted Rapidscat and its nesun synchronous orbit to assess

diurnal and semidiurnal wind variation in the tropics, and by adapting QuikSCAT operationredalear

time processing to the delivery of Rapidscat OVW data to forecast agencies. It willaRapidscat to
demonstrate a new method of scatterometer wind vector intercalibration for several additional sensors,
most specifically the EUMETSADaDd ASCAT scatterometers. This effort is intended to address a
standing scientific and technical issofereconciling small but climateslevant differences between

winds derived using-@nd Kuband satellite sensors and we agree that this objective has significant
merit. The science and implementatiptans to accomplish these objectives arabitious y¢ feasible

The sustaining budget guidelines are recommended and would include mission operations and science
and data analysis activities for FY14 and 15. The science panel unanimously supports the sustained
funding, as a strong case has been madelierdcience. The National Interest Panel found high support
for the mission. The key weakness remains the technical status of the satellite: the technical panel rates
the risk of failure as high based on medium risk across several potential failure pbigsating was

also given in the 2011 review process. The QuikSCAT radar is currently functioning very well, with
considerable redundancy. Given the strong support for the mission science and national interests, and
the high quality and stability ohe QUikSCAT data, the Senior Review Pesmdmmendscontinuing the
QUIkSCAT calibration mission at the baseline funding ¢exteéb FY17, subject to review by the 2015

Senior Review Panel.

RecommendationContinuati on of projedsas currently baselined

The sustaining budget plan is recommended to continue to derive research and climate quality ocean
wind vector data in FY14 and 15. The proposed activities are also needed to produce data of desired
guality for a wide range of operational activities adicated by the National Interests Panel. Continued
operation into 2015 is highly desirable in support of the proposedRigBdscat calibration and science
data production, and to monitor calibration drift in the Ocean84OSCAT). Operations and data
analysis support for the QUikSCAT team in FiYZL@ay be necessary for data continuity, and will be of
great advantage for science (including climate and cryosphere) and operational applications.
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Scientific Merit: Excellent

Strengths:

The sciencsupported by the longerm QuikSCAT wind and sea ice data sets is strong and clearly
presented, particularly the case to use this mission to maintain and extend science and -cjurahbiy

ocean wind vector and sea ice data using the wtable QuikSCA®&dar in tandem with other sensors

in the international constellation. Program performance in the past two years is commendable, with
finalization and delivery of the 199809 QuikSCAT version 3 wind data set for the community, and
clear success in theroposed satellite wind and sea ice crasdibration objectives.The version 3
QUuUiIkSCAT global wind product for climatological applications represents a marked improvement and
should contribute to additional science capabilities, particularly for degiwitore accurate vector wind

and wind stress derivative (e.g., curl and divergence) fiellse panel finds an increase in scientific

merit for the QuUikSCAT extended mission in comparison to the last senior review where the rating was
already excellent.This is because of: 1) the demonstrated success in combining ISRO OSCAT with the
non-scanning QuikSCAT mission data to bring more than four additional yearst@p@kent) of
climate-quality global ocean vector wind and sea ice data online; and )rtygosed steps to apply the
same tools and experience to the newly approved-year ISS&Rapidscat mission and produce specific
new science, operationalgesired weather forecasting data, and further extension of OVW climate data
records. We view the QkECAT/Rapidscat activities as consistent and leveraged use of the extended
mission core assets and expertise towards NASA Earth Science program goals. This science plan
implicitly strengthens NASA ties to the broader international research communitdinglthe Indian

Space Research Organisation.

Extending this highest quality lostgrm OVW record as long as possible with the hardware at Iiand

this case QUIkSCAT + OSEMSCAT?2 (~201bRapidscat) is a unique mission contribution to precise
climate change trend determination in ocean winds that NASA should continue to support. Itis clear
that the collaboration between ISRO and NASA has been successful and has allowed the extension o
these data from 2002013 and eventually through 2017 (OS&@Aaxpected to launch in 2015).

Ongoing collaboration with neNIASA groups (e.g., Remote Sensing Systems and Brigham Young
University) continues to lead to improvements in the NASA productsrapabducing additional high
guality products at a reduced cost to NASA. These additional products have a wide range of users.

Weaknesses:

A perceived minor weakness is the limited new science achieved to date working directly with the non
scanningQuikSCAT data sets collected since 2009. It is understood that the main focus for collecting
these data is to provide a known reference for ocearbnd backscatter, and hence ocean wind vector
product continuity using OSCAT and soon Rapidscat. Howesaevonder if there is relevant science to
be gained directly from the L3BS (norscanning) data that might be considered within mission or
science team activities. If so, this could further strengthen a recommendation to extend the mission.

A second rimor weakness is the newly encountered requirement to power down the instrument for 60
80 days each year during eclipse. While the team does have an adequate plan to achieve mission
objectives, any radar instability in OSCAT occurring in thislBlmvtimewindow will be unobserved.

Value of data record and overall data continuity:

The technical issues related to maintaining continuity of the data record are clear for ocean vector

winds, ice and backscatter products derived from the radar. Severastuelies have shown that the
longterm stability of the scatterometer data record serves as a valuable and unique reference to unify
wind speed data from numerous passive ocean mic
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combination of OSCAT and BCAT data to provide the science and applications communities an
additional four years of scanning scatterometer data has also been highly successful. Use of the

mi ssi on’ s -derived seaice and edberg products continues to grow and isreprisource

of data for cryospheric process research. In some ways, these uses of QuikSCAT to obtahtomission
mission intercalibration are far better than expected in the original planning for the mission. This is
critical to obtaining multdecadal dmate quality data records. The consistency with GCOS principles is
also well stated.

Core mission data product maturity: Excellent

Satellite ocean vector wind products have the advantage of access to accurate validation data sources
via ground truth fom ocean buoy and ship observations in addition to maritime weather forecasting
models. There is ample evidence in the proposal and from both mission science team calibration and
validation activities that QUIkSCAT, and now OSCAT via the QuiklSCATEross calibration, provide

wind speed and direction data at the 12.5 km resolution that represent the state of the art. The new
version 3 product is an improvement on what al
core and continuing conitsution, that being an independent and stable letegm ocean wind climate
record. Documentation of this recent work is complete and commendable. While not yet fully
executed, it is anticipated that there will be little if any product degradation betwibe QuikSCAT
standard (19922009) and the OSCAT 12.5 km (28@%9vard) data. Similar findings hold for the mission
sea ice products. The project has continued to maintain data production and validation and has
extended this using the OSCAT sensorrapgsed in the last review process with all OSCAT data openly
available to users at PODAAC and BYU. The science team support to maintain the algorithms, data
production, and delivery to PODAAC is viewed as a reasonable and efficient use of personnel and
mission expertise The proposed tasks will also benefit from continued successful international
collaboration with India, and with national agencies through the s@stablished work with NOAA near

real time data production effortsThus for the rating bcore ocean vector wind and sea ice data

product maturity, it is clear that the QuikSCAT mission products should continue to meet the standard of
excellence within the NASA mission review process.

Relevance to NASA: Excellent

Strengths:

Theredirected QuikSCAT mission continues to address the following Earth Science program objectives
within NASA's 2010 Science Mission Directorate

Quantify the changing distributions of extreme weather events and enable improved weather pnedictio

1 The intercalibration, stability monitoring, reprocessing and distribution of OSCAT data supported by
QuikSCAT measurements and science algorithm is a vital mission contribution to this goal; and

1 The new version 3 processing shows measurable improvemevind data accuracy in extreme
events with rain, of value to past and future data.

Quantify the key reservoirs and fluxes in the global water cycle and improve models of water cycle
change and fresh water availability:

1 Surface ocean wind speed is ondical component to determining the evaporation over the global
ocean;
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1 Nearsurface wind field convergence, now more accurately observed using version 3 products, is
closely coupled to precipitation and is a growing science focus in NASA ocean and atmospher
programs; and

1 The continuous longerm sea ice record supported under this mission, including mapping of icebergs,
is of clear importance in the era of rapid change at high latitudes.

Understand the roles of oceans, atmosphere, and ice in the climgtsspnd improve predictive
capability for future evolution:

1 Vector winds are key to a host of coupled air/sea interaction processes under active investigation by
the science community, including links to the upper troposphere (through wind and SST gpaptin
to the deep ocean via Sverdrup flow

9 Proposed satellite determination of diurnal and sedhirnal vector wind field dynamics in the tropics
should yield additional new science benefit

1 The continuous muklyear sea ice record also provides vital bdary condition information for
climate prediction modeling

Enable the broad use of Earth system science observations and results in mitigating and adapting to a
changing environment:

1 The proposed mission support for near real time data products from O&@PRapidscat to national
agencies via NOAA should serve to provide timely and unique maritime weather data for extreme
storm forecast and monitoring purposes.

Weaknesses:

None

TechnicaPanel

We concur with the findings from the technical pan€learly this is an old satellite with a several
possible failure modes that lead to the high risk assessment.

National InterestsPanel

We concur with the panel and also reference the strong letter of endorsement from NOAA NESDIS for
project support in nar real time data production at NOAA.

Other Comments:

This was a wellvritten proposal and represents important mission work needed to continue a vital data
record foroceanat mosphere research despite Qui kSCeAT’ s
the eminent demise of the instrument we encourage the QuikSCAT science/data analysis team to
develop alternative funding plans to support continued work with these alternative ongoing and future
scatterometer data sets. Such work is highly valued apdessents a unique expertise within the NASA
program.
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SORCE

RecommendationContinuation of project as currently current baselined.

Executive Summary:

SORCE/TIM provides total and spectral solar irradiance measurements witofsthgart accuracy.

The scientific focus is on solar physics and th
physical state. The simultaneity of spectral anthtirradiance measurements allows study of a broad

range of science questions. While the data products from SORCE are of very high quality discrepancies
exist between the SSI measurements of SORCE and results from other observational and modeling
studies. In order to ensure the quality of SORCE&S8Its, the panel recommends an independent

review of the SSI methods and results. Furthermore, while the spacecraft has battery issues, the mission
team acknowledged that the additional staffing providedha last Senior Review panel was very

helpful in mitigating these issues. This Senior Review Panel recognizes the efforts being made by the
mission team to prolong battery performance.

The SORCE Mission has provided a decade of solar irradiance obsergB8band SSI) with high
precision and stability and these results have been and will be used by the Earth Science and Solar
Irradiance communities. The results from this mission will be important to the development of future
climate models that includboth TSI and SSI as well as studies of the sources and properties of solar
variability. These resultontribute to the historical data base of solar flux and should be continued
until spacecratft failure in order to prevent data gaps in this clincaitical data product.

Initially, the TSI time series produced by SORCE/TIM showed the TSI level to be approximatély 4 W/m
lower than reported by earlier TSI instruments such as ACRIM3 and VIRGO. As advocated by previous
Senior Review Panels, laboratory rmeeements have now been performed at the LASP TRF facility with
flight and engineering instruments. This has established corrections to the TSI time series that bring
other TSI instruments, including ACRIM3, into agreement with SORCE/TIM. Futureogftbets

community aim to agree on a revised value of TSI at solar minimum as well as to converge on methods
to construct the composite time serie§iven the value of these data for the climate science

community, and the recent success of the irtemparson of the multiple TSI data records to bring
them in |ine, the panel recommends that a ‘TSI
TSI and close climate community be formed that can provide a foa#l fpo oversight, science

investigation and collaboration.

The SSI time series produced by SORCE/SIM, SOLSTICE and XPS are estimated to have absolute accur
of 2% for SIM, up to 6% for SOLSTICE, and up to 24% for XPS. However, the early results from SIM and
SOLSTICE during the declinihgge of SC 23 contradict model results in the UV/visible/IR as well as

earlier observations in the UV, which are outside the stability estimates of the SSI measurements (see
Haigh, et al, 2010). Several peeviewed publications postulate that the sourcethese discrepancies

is uncorrected instrumental degradation of the SIM and SOLSTICE instruments, especially during the
early part of the missionThus, his Senior Review Panel recommends that an independent SSI

Calibration Working Group be establish® examine the SORCE SSI calibration issues.

Several spacecraft system failures have occurred; one of four reaction wheels, one of two star trackers,
and some battery cells. Of these, the concerns with battery life are most significant and continue to be
addressed by the SORCE Team. Regardldss pbssibility of battery failure, it iecommendedhat

the SORCE Mission be extended to continue these important (TSI & SSI) and unique (SSI) observations
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and to pursue overlap with the upcoming TCTE TSI mission and, if possible, with the upcoming TSIS
Mission.Theimpact of instrument health to the current productstigroughly described, and
mitigation plans have been developed, tested, and anpénted to the degree possible.

Scientific merits: Excellent

Briefly, the three science objectives whigte the focus of the SORCE Mission are:
(1) Make high accuracy, high precision measurements of TSI;

(2) Make daily validated SSI measurements from 120 to 2000 nm; and

(3) Improve our understanding of the how and why of solar variability.

Objectives (1) an¢R) will play an important role in oceaatmospherechemistry climate models, which
are being developed and which require SSI as well as TSI inputs.

Until the onorbit uncertainty in the TSI determination for a mission is established to be adequate for
long term climate studies, that is, less than 0%1it is necessary to maintain a continuous TSI record
using well characterized and stable sensors in order to understand solar variability and its impact on

Earth’”s climate. T h e erthan\bther M iastrumanitsnig apout afattarofg h b e
three too large to afford independent, nesverlapping sensors, and therefore should be continued.

Li kewise, the spectral irradiance data set on S
BUV and NASA's Aura OMI providing only partial
Strengths:

The SORCE science team is very strong and interacts significantly with the science community. The
results, significance, and application of the measurements are wstiribed and relevant to solar

physics and Earth science. Rlight characterizations were extensive, and the {light calibrations

were made traceable to the Sl in collaboration with NIST. The methods to tremtbbriegradation are
sound. The degraation for SORCE/TIM is extremely small, @0 8 years, which facilitates relating

the results to other TSI sensors. Many significant scientific accomplishments are noted in the proposal
for all four instruments.

The recent tests with several TSI moning (ACRIM & PREMOS) at the TRF calibration facility at LASP
have validated the TIM approach to measuring TSI and helped establish that values of about 0.03% to
0.05% for the radiometric, system level, uncertainties that are possible to achiexigptelt is most

likely that the TSI community will adopt a TSI value at solar minimum that is in agreement, within the
uncertainties, with the SORCE/TIM value. Support by the SORCE Team in the evaluation of several TSI
monitors has effectively removed thegqyviously large discrepancy between the several current

monitors. This is a substantial achievement in metrology and TSI measurement science and answers the
recommendations of previous Senior Review panels.

The SSI instruments continue to make high qualitiar irradiance measurements over an extremely
large wavelength range (~ 115 to 2000 nm). These data are being used by models of the Ocean
Atmosphere System and will be extremely important to continued development of these models.
Studies of solar vability also utilize these results.

Data product availability continues to be maintained and to evolve with the development of the LISIRD
and LaTiS systems which improve public access to available data sets.

The Mg Il index, which is an important and fus@roxy of solar activity, continues to be available from
SOLSTICE. Issues with the index are being addressed as part of a series of workshops.
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Weaknesses

The SSI calibration (degradation) appears to need to be validated given the differences beBiR€el S
and other instruments and models.

The Mg Il index needs to be-examined and difference between this index from various sources needs
to be addressed.

Value of data record and overall data continuity

The TSI time series is accurate and extremelyaldg to the Earth Science and Solar Irradiance
communities. Regardless of the SSI calibration issues, this data set is an important component for
modeling studies. SSI calibration does need to be addressed but once this is validated this will be an
extremely important input to these modeling studies.

There is great benefit to having the both the spectral and total measurements. It is critical to maintain
data continuity of these records for as long as possible.

Core mission data product quality anthaturity: Good

Data processing and generation of the TSI and SSI data products is mature. Corrections required by
recent battery failures have been effectively implemented. Production of data products is automated
and quickly available to the publi®roblems with validation of the SSI calibration (degradation) affect
this score but this can be resolved by a recommended validation activity.

TIM/TSI: Excellert The TIM TSI time series is uncertain to 0.035%, reporting a value of ~ 1360 W/m
near schr minimum. Although SORCE/TIM flew without the system level calibration that is now possible
with TRF, a careful and thorough compondastel characterization was performed prior to launch.
Laboratory tests with the TRF calibration facility at LASP ia@wayogenic radiometer and well

controlled laser light source. These have been used to compare and absolutely calibrate several TSI
instruments, both flight and engineering models, starting with GLORY/TIM. Work with the TRF
calibration facility has Hped develop corrections and calibrations for PREMOS and ACRIM instruments.
Thorough uncertainty analysis has been performed and the uncertainties are well documented.

XPS/SSExcellent-This EUV irradiance has been properly corrected and provides amtanp

contribution to the EUV irradiance data based available to the upp@ospheric community. After
discussion with the SORCE team revealed that the XPS could be shut off for a cost savings of ~ % FTE (~
$100K), the Senior Review Panel recommendslik done.

SIM & SOLSTICE/ SSI:FAithough the precision of this data set appears very high the results from
these instruments differ significantly compared to results from other sgmsed instruments that are
well calibrated on the ground and intmt (both absolutely and relatively). The two main conclusions
relevant here are: (1) the SORCE measurement of solar irradiance variability in thé@DAm region
from early in the SORCE mission is greater by factors of up to 20 in the UV tharhagde previously
by other spacéased instruments; and (2) the variability in the visible and NIR appears to {od-out
phase with the solar cycle, contrary to model results.

Most importantly for item (1) is the availability of the UV results from t#R3/SUSIM instrument

which overlapped with SIM and SOLSTICE during the first several years of the SORCE Mission.
UARS/SUSIM was composed of numerous channels (some of which were exposed very infrequently),
with and without filters, and carried onboard Ralibration lamps. No attempt appears to have been
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included by the SORCE Team in this proposal to utilize this data set in the validation of the SIM and
SOLSTICE degradation corrections at UV wavelengths.

The SORCE Team has implemented a series ofli&itican workshops to examine issues such as the
irradiance differences observed by SORCE compared to other instruments and models. These
workshops have provided a forum for discussion but have not yet lead to significant action. In order to
address thé important calibration issui¢ is recommended that NASA ESD established and fund an
independent SSI Working Group specifically to address the discrepancies described above and to validate
the SORCE/SIM & SOLSTICE degradation correction and otherafghecBORCE SSI calibration as

needed. This group should be made up of experts in both laboratory and spased calibration as well

as members of the SORCE Team including the instrument leads for SOLSTICE, SORCE/SIM, and TSIS/S

The Working Group shutd initially convene at LASP so that direct access to the original SORCE data is
assured. Comparison with the SUSIM data sets should be one goal of the Working Group but if other
data sets (e.g. SBUV) are required then these should be considered a®wnekhdditional goal should

be to understand the impact of the results on the upcoming TSIS/SIM operations planning. The Working
Group should report back to ESD with preliminary results within one year and with a Final Report within
two years outlining ay needed changes to the SORCE SSI calibration procedures including
recommendations for TSIS/SIM operations.

Relevance to NASA Science Goalexcellent

The proposed SORCE science program outline the contributions of this Mission to the ESD research
objectives and focus areas as stated in the SMD Science Plan. These are listed in the Strengths below.

SORCE is relevant to SMD questions through direct observation of the sun, through the use of SORCE
data to develop better predictive models of solar iaaility, and through research with global climate
models. The strengths include the ability to study total and spectral solar irradiance from the same
platform using well characterized and robust sensors.

Strengths:
From the SMD, 2010 Science Plan:
@QQrww and why are Earth’s climate and the enviro

(2) How and why does the Sun vary and affect Earth and the rest of the solar system?
From the 2010 Science Plan:

(3) What are the sources of change in the Earth system and their magnitudessadd2r
(4) How will the Earth system change in the future?

Weaknesses:

The weakness is the uncertainty in mission life due to hardware issues, in particular the battery
performance.

TechnicaPanel

The panel concurs with the results of the Technicald®e¥anel. See the report of this panel for
further information.
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National Interests Panel

The panel concurs with the results of the National Interests Panel. See the report of this panel for
further information.

Other Comments:

The proposal is exceptially complete and thorough. The team has done a superb job in program
management, science, community outreach, and pushing this field to a new level. The project is well
organized and gives students an exciting opportunity for training. The discussiod of mission
activities was welcomed.
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Terra

Recommendation:Continuation of projects as currently baselined

The Science Panel endorses the continuation of the Terra mission because it will extend the records for
numerous data products used tmonitor and understand changes in climate and the effects of those
changes on land, ocean, and atmosphere over the next few years. The Terra mission has already
accumulated 13 years of data from five instruments, each of which provides valuable datfdifisc
guestions pertaining to the Earth and its changes, including 79 core products as well as support for
monitoring and relief efforts for natural and manade disasters. The continuation of the Terra mission
would extend the baseline of these measorents and, for some instruments, provide continuity linking
past and future missions.

Scientific merits: Excellent

The overall objectives of the Terra mission include 1) extending the baseline for morhihglimate

and environmental data recordg) enabling comparison of measurements acquired so far with likely
future recurrences of natural events, e.g., fires, volcanic eruptions, floods, oil spills, changes in ice
sheets, and 3) adding value to recently launched missions (e.g., SNPP, LD©s® ty be launched in

the next few years. Each of the five instruments has made valuable contributions to the study of Earth
as a system, to discovery of how the Earth is changing, and to exploration of human interactions with
these changes.

1 The objecties ofASTERre to extend the record of moderate highsolution changes in land cover,
provide emergency data acquisitions for natural and maade disasters, and extend the archives for
observations of active volcanoes and valley glaciers.

9 The objecties of CERES&re to produce an integrated climate data record for detecting decadal
changes in the Earth’s radiat i-aenosoladialianet , i mpr o
interactions, and (with MODIS) bridge the interval between older satellites anB SNIPJPSS.

1 The objectives dfISRare to update the Plume Height Climatology Product to include extended dust,
volcanic, and wildfire smoke plumes and to facilitate the use of the MISR cloud motion vector (CMV).

1 The objectives dODISare to extend the 3-year archive of ocean productivity and sea surface
temperature, extend the 1§ear archive for land productivity and other land characteristics, such as
albedo, leaf area index, land surface temperature, and seasonal variation of vegetation, and extend
the archive of tropospheric properties, including cloud and aerosol properties, cloud fraction and
atmospheric profiles of temperature and moisture.

1 The objectives dMOPITTare to extend the 13ear record of tropospheric CO, show paths of
transport for amospheric pollution, and provide a proxy to aid in constraining the retrieval of
tropospheric CQ

In the last two years:

1 The joint U.S./JapaASTERroject released Version 2 of the Global Digital Elevation Model (October
2011).
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1 Observations fronCERES&Nd insitu measurements of change in ocean heat content indicated a 0.5
Wm?imbalance in net radiation at the top of the atmosphere during the past decade. CERES
observations were compared with other instruments, used to calibrate other instrumentgseaito
develop and produce new data products.

1 Recent project accomplishments fraxti SRinclude the release of a Level 2 Cloud Product, generation
of MISR winds in neaeal time, algorithm refinements to the Level 2 aerosol retrieval, expansion of
the Pume Height Climatology Product, and the release of Level 3 Cloud Motion Vector.

1 In the last 2 years there have been several major improvements to the calibration ofMeD&S
especially its ocean color spectral bands and vegetation indices.

1 A newMOPITTproduct (version 5) is the first satelltsased product to exploit TIR and NIR radiances
for CO, resulting in much greater sensitivity to surface CO concentrations. Results were validated with
measur ement s fawermetwdr®évarthe U.S. a | |

Strengths

The products from Terra are invaluable to a large number of scientific investigations related to the Earth
system and global change. From the perspective of the Science Panel, the data from MODIS, alone,
justifies that the mission be continued.

Wedknesses
None

Value of data record and overall data continuity

The value of the data record to science is demonstrated by the fact that nearly 116 million Terra data
files were delivered in 2011 and 155 million files in 2012. In addition, more thamlddh near real

time files were delivered to NOAA, DoD, USDA, FAS and other operational users. More than 1;100 peer
reviewed publications using Terra data appeared in 2012, bringing the total for the lifetime of the
Mission to more than 7600, so far.

Cae mission data product quality and maturity Excellent.

Strengths

The accuracy of core mission data products has been assessed and the uncertainties in the products well
established via independent measurements in systematic and statistically nelaystrepresenting a

broad array of conditions. The quality of data production continues to be high. At the same time, new
versions and new levels of products continue to be developed (and validated) by some of the instrument
teams and/or Pls.

Weaknesss:

It is not clear what the impact of the relaxation of the Mean Local Time (MLT) to 10:15 versus 10:30 will
be on data continuity. This is the second such relaxation, and the total record will now include a 30
minute difference between start and end.

It is also not clear how the incipient degradation of some MODIS bands will affect the integrity of the
land and ocean color data products. Quantification of kewgn trends is particularly sensitive to such
degradation.
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Relevance to NASA Science GoalBxcellent

Strengths

The mission objective for continuation of Terra is to provide answers to the overarching question from
NASA's Science Mission Directorate: “How is the
on Earth?” memd isv iodbwsalr vien dthreu Eart h’ s at mospher e

continue to contribute as follows:

9 The ASTER instrument team is processing about 20 urgent requests per month to provide
observations for relief efforts following major disasters.

9 CERS provides an egoing, operational calculation of the Earth Radiation Balance.
1 MISR provides continual observations of cloud motion and winds in near real time.

9 MODIS has improved its calibration of ocean color and bands critical for aerosol and cldudtgro
and for vegetation indices.

91 MOPITT provides daily CO observations, employing TIR and NIR radiances which yield greater
sensitivity than other satellites.

Weaknesses

None

TechnicaPanel:

The Panel supports the findings of the subpanel reviattached as appendices.

National InterestsPanel

The Panel supports the findings of the subpanel review, attached. Terra contributes substantially to
scientific monitoring and understanding of the causes and impacts of climate change. It alsorplays a
in monitoring disasters and relief efforts, some of them national.

Other Comments:

This is a welvritten, comprehensive proposalt does a better job than the Aqua proposal in

highlighting the issue of data continuity and letegm data records.tlalso does a better job of

discussing the unique combination of spatial resolutions, rauitjles, and temporal sampling relative to

the Aqua proposal. Both missions are strong missions and deserve to be continued, and it is interesting
to see how the tvo complementary missions pitch themselves.

We recommend that there be working groups of Pls convened to providepth reviews of algorithms

for successive instruments; e.g., for comparing the algorithms for MODIS terrestrial products with those
developeal or expected for VIIRS. Whether NOAA will continue with the products of MODIS is unclear,
but the topic is of great interest to the scientific community, and every effort should be made to ensure
the continuity of data products.
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TRMM

The Tropical Raina | | Measurement is an essenti al mi ssi on
with regard to the Water Cycle and Climate research, including Hydrology, Ecology, Carbon Cycle,
Geomorphology, Meteorology and Climate, and TRMM products are widelyind&eather

Forecasting, and Natural Hazards and Water and Natural Resources management and applications.
TRMM provides the only consistent measurement of precipitation in the tropics from 4km resolution to
planetary scales, and the TRMM PR and TMItaestandard for remotesensing of precipitation from

space. In addition to the scientific achievements reported in the proposal in Section 2, and which can be
tracked in the peereview literature, there is a large number of users of precipitation proslidetrived

from TRMM observations in the operational, public health, agriculture and natural resource
management agencies around the world. In addition to precipitation data sets, the LIS (Lightning
Imaging Sensor) monitors lightning activity in the troparsd TMI (TRMM Microwave Imager)
measurements are used also to monitor SST (Sea Surface Temper8esajes 2D gridded

precipitation products, profile data sets such as reflectivity, rainfall and higher level products such as
latent heating have motated many new scientific insights into the vertical structure of the atmosphere,
and tropical climate.

TRMM has now passede 15year benchmark, which is a remarkable accomplishment considering that
the initial life of the mission was to be three yeaBecause of this long record, and the broad
constituency of data users for myriad applications, the continuity of the TRMM mission alone is justified
in order to preserve the continuity and robustness of the longest global scale precipitation data set and
meet operational demands. In addition, the record is currently enabling studies of global scale
processes from annual to3years variability such as the Asian and Nth and South American Monsoons
and ENSO. TRMM is the precursor to the upcoming GPNbomissbe launched in 2014, which will

benefit from TRMM sensor technology, ground validation and algorithm legacies, and also from cross
calibration of radar and radiometer instruments. TRMM and GPM are commended for having devised a
well-planned transiion process that preserves TRMM strengths while buildingldegpacity for GPM
algorithms and products.

The big challenge faced by TRMM is the uncertainty associated with the end of fuel date. GPM is
planned to be launched by February 2014. AssumiagMbrst case scenario for fuel consumption,

there should be 2+ years between enfifuel and the enebf-life date, during which TMI data will

always be available, including about 1 year during which the PR will also be available as the satellite
drifts to the 350km elevation range. Assuming the moderate case scenario, there will be an initial six
month period during which both PR and TMI data will be collected through October 2014, followed by
the same 2+ years of TMI first followed by TMI and PR datectiolh. Thus in both cases, within-six
months the mission will be collecting data through 2016 and into 2017. During this period, the TMI data
may also be used as experimental Al observations in the GPM constellation to examine the value
of low—inclination radiometer observations. GMI was part of the initial plans for the GPM constellation
but was eventually decommissioned, thus this is a unique opportunity to evaluate the value of the
original measurement concept. There will also be oppdtiuior designed irflight experiments with

the PR that can inform the GPM DPR algorithms.

Overall Recommendation: Continuation of projects as currently baselined
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Specific Recommendations

Recommendation #1The panel encourages that the transfer@¥, algorithm development and project
management activities be implemented as soon as possible as after GPM launch while preserving core
TRMM activities essential to operations and product delivery

Recommendation #2The panel recommends funding atdedine level through 2017, followed by
termination and closeut unless there is evidence of delay of the expected-effliel date. Itis
recognized that the TRMM team will be in condition to make a more robust estimate effdiid date

within six manths, after the anticipated end of the present peak in solar activity. Accordingly, the TRMM
mission should make public updated estimates of-efifliel and endof-life dates on the TRMM

website periodically along with an explanation of mission statwecaBse of minimum budget resources
required for TRMM after GPM launch, and the uncertainty in estimating fuel availability, the panel
recommends an adaptive strategy to clest in order to take advantage of data collection for as long

as possible.

TheTRMM budget appears to be minimal for the maintenance tasks required to keep the craft safely
operating. Most scienceelated developments have been transferred to the Precipitation

Measurements Mission (GPM) budget to support algorithm development fdlthcoming GPM

mission. It is clear that the algorithm development for GPM is vital to final success of this TRMM follow
on mission. The potential extension of the current TRMM greater thayp dd&taset through calibration

with GPM toward a much longeffective observing period so that key climate questions such as
decadal variability can be addressed cannot be denied.

TRMM has met and exceeded its original goal of advancing our understanding of the distribution of
tropical rainfall and its reladin to the global water and energy cycléfie TRMM suite of measurements
has provided an unprecedented 45database of precipitation measurements including detains of the
vertical structure of that precipitation in the tropical and extratropical regiohthe world. The
precipitation radar (PR) is the only spam@rne rain radar (until the GPM launch in 2014) and provides
the 3-D structure of rain as well as quantitative information over both land and ocean of rainfall
amounts. The TRMM microwave imag§éMI) provides information of hydrometeor structure, and

SSTs. The lightning imaging sensor (LIS) detects all lightning within its field of view. An additional
strength of the TRMM satellite is the tacation of a visible and infrared scanner (VIR8)chvprovides

a cloud context for the PR, TMI, and LIS, as well as providing a link to the GOES satellites so that
retrievals from both systems can be easily compared. Some of the products that are either directly from
TRMM, or that TRMM plays an integpart of, include visible and infrared radiances) almost global

(50 N to 50 S) rainrate retrievals, 8D structure of rain, hydrometeors and heating profiles, lightning
flash climatology and actual lightning flashes. The TRMM project has also supihergevelopment

and continued production of ground validation observations from surface radar and rain gauges from 4
sites located in the tropics.

TRMM has evolved from an experimental mission focusing on tropical rainfall climatology into the
primary saellite in a system of research and operational satellites used for analyzing precipitation
characteristics on time scales frorvhBto inter-annually and beyond. One science objective of the
extended mission is to determine the time and space varyingacieristics of tropical rainfall,
convective systems, and storms and how these characteristics are related to variations in the global
water and energy cycles, which is fundament al
key science quesins for both the Water and Energy Cycle and Weather focus aeasnples of
operational uses include the use of ngaal time images for tropical cyclone intensity estimates and
vertical structure, and integration of TRMM SSTs into standard SST prodiRit4M TMI neareal time
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images are used by forecast centers around the world.

A compelling reason to continue this mission is that there is currently no platform that can provide the
coverage and detail of rainfall observations that TRMM providesaddiition, on account of superior
instrument performance and mission operations, and either the lack or the progressive loss of-ground
based observing networks, TRMMa s ed observations and rainfall p
rainfall climatology ofhe tropics. Until the launch of GPM in 2013, there is no alternative. Continued
operation until the GPM launch is necessary to ensure a continuing dataset for climate studies. The
additional years of data will allow studies of decasiedle variabilityf rainfall, and provide a more

robust diurnal cycle. Some overlap between the missions would be useful to calibrate and validate the
GPM algorithms after GPM launch and allow an ongoing dataset of tropical anetrextical rainfall
measurements that bgan in 1997. As pointed out in the proposal, there is the potential that between
GPM launch and TRMM passivation phase, the TRMM satellite can function as low inclination
replacement to the GMI initially planned as part of the GPM constellation with idurabt unlike the

typical 3year mission life.

The proposal indicates that currently there are no major issues with platform instruments or subsystem
specific issues except for the lack of redundancy of the Frequency Converter and SCDC iratiie BR (t
12). Although the TRMM technology has largely exceed the most optimistic expectations, there is
inherent risk in that instruments and platform are aging and therefore reliability is expected to become
an issue eventually.

Nevertheless, the kefactor in determining mission effective longevity is the available fuel load, which
will determine the calendar for the enoff-life plan. The estimates vary widely depending on predictions
of solar activity and platform performance, with the average eat&s pointing to OctoberDecember
2014 as the anticipated erof-fuel milestone. The satellite orbit is then expected to slowly begin
descent reaching the passivation altitude of roughly 330 km about 29 months later, during which the
TMI, VIRS and LIStimsnents would be operating.

The basic mission extension will continue production of TRMM standard antimegbroducts. Version

7 algorithm datasets, the last TRMM algorithm revision before GPM launch, are already available. Thus,
amulti-year extensia of TRMM has a very high payoff for science and applications at a relatively low

cost to NASA. The science budget at GSFC includes support for the TRMM and GPM project offices, for
GPM algorithm development to be ready at launch, and for GV activitipan to transfer resources

and assets to GPM is in place, which is commended.

Scientific merits: Excellent

Strengths:

TRMM" s enormous success is related to its two u
tropical rainfall systems: (1) its suite @dmplementary observing instrumeraad (2) itsorbit
characteristicsTRMM provides a complementary suite of agtand passive sensors flown on a single
platform, providing the most complete view of precipitation. Due to its complement of instruments,
TRMM has been called the “flying rain gauge”, i
TRMM obsering system employs the only precipitation radar in space, the PR, which provides the most
direct method of observation of precipitation and its vertical distribution (i.e., enabling a-three

dimensional view of precipitation). Efforts to resolve disagreetsdetween precipitation estimates

from the PR and the passive microwave radiometer, TMI, have reached the point where TRMM is used
as a global rainfall reference standawlithout the PR in space, there will be no similar opportunity for
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calibration withan active sensor until GPM is launched in 2014, and the-catibsation of the PR and
the DPR are highly desirable.

Since its inception, the TRMM science goal has been to advance knowledge of the global energy and
water cycles by observing time and spatistributions of tropical rainfall, and convective systems, and
their associated hydrometeor structure and latent heating distributions. TRMM currently provides a 15
y rainfall dataset that covers the tropics and much of the extratropics. This dasested stage where

the regional impacts of climate change on precipitation patterasguably the most important climate
variable for societal mitigatior can be assessed. Additional years of data will allow these impacts to be
assessed on decadal sesl

The proposal provides an extensive summary of t
science objectives and questions that are directly impacted by TRMM measurements.

These include:

1) Climaterelated research: TRMM has provided multipdénfall datasets extending back 13 years for

the study of climateelated water cycle questions. These products includéhd 3-yr multi-satellite

sensor product extending from 58 and S, of which TRMM PR and TMI are the core components. These
products have allowed robust climatologies of tropical rainfall to be developed on seasonal and monthly
timescales, and even allowed the diurnal cycle climatology to be studied. LIS has allowed the first

detailed global lightning climatology to be developedadidition, detailed regional climatologies of

lightning have been produced using LIS data. Lightning chemistry has also been studied. TRMM data has
yielded new insights into the dynamics of tropical waves and oscillations and into hypotheses on the
dynamic of convectiveclimate feedback. The TRMM rainfall and storm height data along with SSTs

were used for these studies. TRMM rainfall and LIS data has yielded information on the human impacts
on the climate system though the study of the relationship begw aerosols, land use change, rainfall,

and lightning. SSTs from TRMM help improve SST analyses used for climate studies as well as every day
events.

2) Convective systems and tropical cyclones: Characteristics of convective systems have been studied
using the PR, LIS, VIRS, and TMI. These systems have also been used to study the detailed structure of
tropical cyclones, and allowed valuable insight into iro@re processes that were previously not well
observed.

3) Measurement advances: Comparison bedw PR and TMI rain rates has lead to improvements in
retrievals for passive microwave sensors. In addition, the rain rate estimates from TRMM have been
used to calibrate rain rates from other satellites resulting in analyses of rain rates at highat spati
(0.25) and temporal (2h) resolution than would be available from one satellite alone.

4) Data Assimilation: The TRMM rain rates are being used to develop new assimilation techniques for
rainfall, SSTs, and soil moisture to improve analyses and &isegchatmospheric models.

5) Hydrologic Applications and Forecasts: TRMEksed multisatellite analyses are being used by the
hydrologic community as inputs to hydrologic models to study variations on surface runoff and improve
forecasts of river flow,léods, and other natural hazards mainly landslides. TRMM rainfall products also
provide valuable information to establish antecedent moisture conditions that can be used to plan
agricultural activities.

6) Algorithm and model development: LIS data heasrbused to help develop the GLM for the GBES
satellite. TRMM rainfall data are used to evaluate the performance of numerical models from cloud
resolving models to global models and GCMs.
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7) TRMM also provides support to numerous operational centersajijofor various activities including
the monitoring of tropical cyclones, rainfall, particularly extreme events with a potential for producing
floods, numerical weather prediction, and -&iaffic control. This highlights the continued need for the
reaktime observations that TRMM continuously provides.

Weaknesses:

Although the proposal provides a comparison between the CPR and the PR, it is not clear whether there
has been a systematic substantial effort, or indeed if it is even realistic due toftbeedtes in spatial

and temporal resolution, to use CPR to calibrate the PR algorithm for low rainrates and snow. One
minor weakness is that although the current rainfall climatology is very good, it still needs a longer time
series to begin to answer gstions relating to decadal variability and climate change. A longer mission
that overlaps with GPM helps solve this issue.

There is a strong need to provide synthesis of uncertainty from-pmaewed literature and from GV
activities. Even if it is diffult to establish an overall uncertainty measure for all products, there should
be great benefit from establish a plabased/regime based document of known uncertainties.

For example, a survey of quantitative uncertainty studies perhaps expressed-esfgenced
gridded/matrix product could be completed, and a routine updating protocol implemented. It is
recognized that the US TRMM Office may be constrained by international agreements for the PR
products, but given the wide use and critical utilifytloe data for national interests, it is important to
establish a framework that may also be transferred to GPMday

Value of data record and overall data continuity:

The proposal highlights the National Academies (NA) assessment of the scientiiipbsioments of

TRMM and the benefits of extending the TRMM mission (NRC report, 2006). A key conclusion from the
Executive Summar y Qofsiddritgehe phst and expestedtscientificsand operational
contributions presented in this repomyportant benefits would be obtained if TRMM were extended

until it runs out of fuel.

From thatreportd CNB Y (G KS LISNBLISOGAGS 2F I yGAOALI GSR NB
continuing for six primary reasons:

QX

1. TRMM provides a unique complementrafasurements. Specifically, the precipitation radar, the
passive microwave imager, and the visible and infrared instruments provide a powerful overlap of
precipitation, cloud, and water vapor measurements and the lightning imaging sensor helps isolate
intense convective cells. In addition, the TMI permits sea surface temperature measurement through
clouds at high spatial resolution. Continuation of the mission is vital to the future development of
spaceborne precipitation radar technology, especially iretlsduation of radar technology life cycle.

2. Mission extension creates the opportunity for crca#ration, validation, and synergy with sensors

on future missions, such as CloudSat and thieafn satellite series, National Polarorbiting Operational
BFOANRYYSyYyGlrt {FGSttAGS {daidisSyqQa /2yA0Lt {OFyyAy
Measurement core satellite and other constellation satellites.

od ¢ wa a Qa -indhiylakidp,deSaltitu@egprecessing orbit enhances science by providigge

spatial and temporal information that fills the gaps in data from other current and upcoming polar
orbiting satellite sensors.

4. TRMM data will enhance field experiments and programs (e.g., TCSP, AMMA, GEWEX, THORPEX,
TEXMEN), tropical cycloneesearch (including tropical cyclone forecasting), and development of cloud
resolving models.
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5. A longer record is required to collect enough examples to cover the parameter space of synoptic
variability more fully. For example, over the first six y@afBRMM data, the TMI instrument passes

within 750 km of storm centers during one of every eight orbits, whereas PR observes within 250 km of
the center during one of every 25 orbits. The narrow swath of the PR and the rare occurrence and great
variability of tropical cyclone structure, intensity, and precipitation amount strongly argues for mission
extension to increase sample sizes for statistical analyses.

6. Longer TRMM data records will better characterize tropical seastrehnnual climate variabtly in
general and the El NiABouthern Oscillation (ENSO) cycle in particular. ENSO is the dominant mode of
global interannual climate variability. TRMM provides quantitative ENSOrelated tropical rainfall
anomalies that are needed to improve our understiag of both the local ancemote effects of this
phenomenon, and ultimately to make better predictions of its socioeconomic effects in both the tropics
YR SEGNI GNRLAOE P

These points are as valid today as they were seven years ago. The TRMM recoois Hbeyears long.

The value of such an extended dataset is being demonstrated in the use of this dataset to robustly
characterize annual, seasonal, monthly, and diurnal variability in rainfall across much of the globe. With
another 23 years, (the projeaed lifetime of TRMM), including a year (possibly) of overlap with GPM for
calibration, the dataset can be extended (via GPM) to the point where it may be possible to characterize
ENSO cycles beginning to approach decadal tsoakes.

Core mission datproduct maturity: Excellent

The core mission data (rainfall) are the standard used to assess other regmged rainfall
measurements and are the heart of the currerh3nerged satellite rainfall product. These
measurements are not redundant.

TRMMoperations, ground validation sites, and algorithms are being used as the basis for algorithm
development for the future GPM mission.

The transition to PPS was smooth and without breaks. The productsprieeted software, ease of

access and friendlirss of the entire system are exemplary. Access to standard TRMM data is facilitated
by a welifunctioning website and data extraction tools and can be used in remote sensing classes and
for other educational applications more generally with success. ifHnature shows that users of

TRMM data span a wide range of disciplines and seximomic activities from geology to water

resource management to farming.

Relevance to NASA Science Goalsxcellent

Strengths:

The overall science objective of axtended TRMM mission is determine the time and space varying
characteristics of tropical rainfall, hydrometeor structure and associated latent heating for convective
systems and storms, and how these characteristics are related to variations in taewgiér and

energycycles Thi s TRMM goal is at the heart of NASA’' g
science questions, primarily for the Weather and the Water and Energy Cycle focus areas, i2g | NB
global precipitation, evaporationyaR G KS ¢ (G SNJ, ®Oledd Sg 20Kl yARYINEF v R
ReylFIYAO0a OKFIy3dS Ay (G(KS FdzidzaNBKéX FyR a2 KIF{G FNB
S GKSNI T2 N K dadding a léhg, dckurate irekofid’oRoygkilial precipitain
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characteristics is critical to achieving NASA's
years is consistent with these goalBRMM provides data sets that address a number of key questions:

How are global precipitation, evaporatiométhe water cycle changingPRMM provides improved
climatology of precipitation characteristics such as diurnal variatiersical structure, extremes,

seasonal cycle at finer resolutions. The TRMM products can be used to investigateeoadaichange

and trendrelated processes associated with rainfall.

2 KFG FNB GKS STFFSOha 2F Of 2dzRa | y RTRMHNBVIdESES Ke RN
refined latent heating profiles that help to characterize the effects of clouds. TRMM proviolest r
climatologies of convective system and lightning characteristics.

How do ecosystems, land cover, and biogeochemical cycles respond to and affect global dtirivitye?
products make it possible to study human impacts such as land use changes atidrpoh rainfall.
TRMM rainfall is used as an input to hydrologic models that investigate river flow and land runoff.

How do atmospheric trace constituents respond to and affect global environmental cHERYH#2
products make it possible to study humangacts such as aerosols on regional rainfall.

How are variations in local weather, precipitation, and water resources related to global climate
variation? As the TRMM record length goes beyond 15 or more years and can potentially readéh 18
years, thigs the first global scale precipitation record that enables to characterize tropical seasonal
inter-annual climate variability in general, and the ENSO cycle. Detection of changes in convective
system climatologies due to global climate change can alssbessed through changes in rainfall and
lightning characteristics.

What are the consequences of land cover and land use change for human societies and sustainability of
ecosystemsTRMM precipitation can be used to assess human impacts such as lacldamges and

pollution on rainfall climatologies and precipitation processes. TRMM data have been used to conduct
insightful studies of rainfall modification in urban areas.

How can weather forecast duration and reliability be improved? How can prediciclimate
variability and change be improved®RMM products improve analysis and modeling of global
water/energy cycle, which improves weather /climate prediction capability. TRMM data provide
continued improvement of weather forecasting, especialignitoring and forecasting the tracks,
intensity and associated rainfall of tropical cyclones (NOAA, DoD, WMO RSMC centers). An
uninterrupted TRMM data stream will allow continued development of improved model analyses
through ingestion of microwave raahces, precipitation fields, and SSTs in cloudy regions to improve
initial conditions.

How will water cycle dynamics change in the futur&vM provides improved critical rainfall inputs to
hydrologic models, which are used for flood forecasting and watelget studies. Recently studies

have also been published demonstrating potential for flashflood and landslide now casting. The longer
the TRMM record length, the longer studies of hydrologic sensitivity can be conducted to examine
differences in waterycle dynamics in dry and wet years, ENSO extremes, weak and strong monsoon
regimes,etc.

Weaknesses:

None
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TechnicaPanel

Please see the technical panel report. Although various models and solar activity predictions can be
used, the only concern at @sent is with regard to availability of fuel. The sensors are in excellent
working condition. The support for this mission is reasonable for the xadded science, support of

GPM prelaunch activities, and potential for cresalibration with the futue GPM mission. The bulk of
TRMM/GPM science is funded through ROSES. It is important that the TRMM portion of the budget be
preserved after the transfer of GPM related activities after launch.

National InterestsPanel

We note TRMM wa s utilitygby thednationdlentenestshbanegl (NTP), and the science panel
concurs with NIP. The data serve national needs by providing unique datasets needed to improve
existing models of weather and climate and provide the first part of Climate Data recotasripontal

and vertical structure of precipitation, and improved latent heating profiles. In addition, TRMM provides
a unique service by providing vital nes&sting information on structure, intensity, and track of tropical
cyclones that support the opations of the NHC and DoD. It could also be suggested that the now
casting properties of TRMM for extreme rainfall events could help in FEMA activities for disaster
mitigation. TRMM data are used internationally to support weather and hydrologic foregasttivities

in countries where there are no grouddlased radars and raingauges are sparse if available (.e.g.
Tropical South America, maritime subcontinent,
South America and Africain supportddU s i nt er nati onal aid and coop¢

Other Comments:

The proposal provided an impressive summary of science discovery and applications that were enabled
by TRMM, and there is no question regarding the high science level of the products being develbped a
the climate studies being addressed. Although the proposal was quite long as it is, because much
emphasis is placed on the links between TRMM and GPM, especially in terms of extension budget
allocation, a more detailed discussion of transition and ¢ggasues would have been helpful.
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